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CLINICAL AND EXPERIMENTAL 


METABOLIC ACTIVITY OF HUMAN BLOOD PLATELETS. I 


EpmMuND W. CAMPBELL, M.D., WALTER J. SMALL, M.S., AND 
WILLIAM DAMESHEK, M.D. 
Boston, MAss. 


WITH THE TECHNICAL ASSISTANCE OF EpitH LOPILATO, B.S., AND 
IRMA MEDNICOFF 


HETHER blood platelets are viable cells with metabolic activities or 

simply fragments of cytoplasm is still uncertain. Somewhat conflicting 
observations regarding oxygen uptake and lactic acid production due to plate- 
lets have been reported (Maupin’ and Tullis?) 

Thus a study of platelets with regard to respiratory activity, enzymatic 
activity related to oxygen uptake, and the production of carbon dioxide and 
lactic acid was designed. The role of platelets in the coagulation mechanism 
was studied concurrently in an attempt to correlate these functions with meta- 
bolic activities. The effects of variables, including storage, different antico- 
agulants, and metabolic substrates and inhibitors, were evaluated with refer- 
ence to platelet metabolic activities and coagulation functions. 


MATERIALS AND METHODS 


A. Collection and Separation of Platelets—Human blood was collected using silicone*- 
coated glassware, 19-gauge needles, and the two-syringe technique. Several types of anti- 
coagulants were used. Platelet-rich plasma was separated at 4° C. by centrifugation at 
1,000 r.p.m. for 15 minutes. Samples were checked microscopically and recentrifuged if 
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significant numbers of erythrocytes or leukocytes were found. The upper limit of erythro- 
cytes was arbitrarily set as 0 per fifteen high-power fields and the leukocytes as 0 
per fifteen high-power fields. Platelets, free of plasma, were obtained by washing three 
times with cold saline. Platelet-poor plasma, containing approximately 4,000 platelets per 
mm.3, was obtained by centrifugation at 4° C., 4,000 r.p.m. for 60 minutes. 


B. Manometric Techniques——The manometric techniques of Warburg? were used to 
assay the oxygen consumed and the CO, produced by the oxidase and dehydrogenase sys- 
tems. The manometers were calibrated with mercury and the flasks with water in such 


a manner as to be interchangeable. 

In order that the oxygen consumed by the oxidase system might be measured, the 
suspension of platelets under study was placed in a 7.5 ml., siliconized reaction flask, which 
contained 0.3 ml. of 10 per cent KOH with an immersed accordian-pleated filter paper in 
the center well. The CO, produced by oxidase was measured by the omitting of the KOH 
from an identical sample on which the oxygen consumption was measured. The difference 
in manometer readings from the expected oxygen production was considered due to the 
CO, produced. 

In order that dehydrogenase activity might be measured, the hydrogen acceptor 
methylene blue was added to identical aliquots of platelet-rich samples. The differences 
in manometric readings could be ascribed to dehydrogenase systems (total gas produced 
by the combined systems minus gas produced by the oxidase system). 

In all measurements, the manometers were read and reset every half hour during a 
three-hour interval. All gas results were calculated as microliters of gas per platelet per 
hour. With each set of samples, two thermobarometers, one containing water and the other 
platelet-poor plasma, were used to correct for temperature changes in the bath and baro- 
metric changes during the measurement, 

C. Lactic Acid.—The accumulation of lactic acid was measured by the colorimetric 
method of Barker and Summerson.+ The p-hydroxy diphenyl reagent was freshly prepared 
for each experiment. Samples of platelet-rich plasma were measured before and after the 
respiratory interval, the difference being regarded as due to lactic acid accumulation. Two 
samples with known lactic acid concentration and control samples of platelet-poor plasma 
were run with each set to detect any changes in color production due to contaminated glass- 
ware, cell-free protein suspensions, or defective or contaminated reagents. 

D. Correlation Studies With Blood Coagulation.—The morphology of the blood platelets 
was studied by direct and phase microscopy. The effects of the platelets used on blood 
coagulation were evaluated by the techniques of clot retraction, thromboplastin genera- 
tion,5 and prothrombin utilization (method of Quick® and by a modified two-stage method). 
Results obtained were compared with those of controls using the same number of fresh 
normal platelets and an identical volume of the system. 


RESULTS 


A, Oxidase System.—In order that it might be assured that the measured 
activity was due to platelets, samples of platelet-poor plasma containing fewer 
than 4,000 per cubic milliliter were run as manometers. In view of the low order 
of magnitude of the activity in platelet-rich plasma, samples of platelet-poor 
plasma grossly contaminated with Staphylococci and Streptococci were stud- 
ied in ten experiments but again showed no measurable activity. 

Initially it was felt that plasma itself would have sufficient buffering 
capacity to prevent shifts in pH during the interval of measurement. How- 
ever, a shift was observed in pH from the initial value of about 7.3 to values 
of 8 and higher. The system was accordingly buffered with phosphate buffer 
pH 7, ionic strength 0.15, which changed the value for oxidase activity in 
ACD from 9.56 + 2.3 x 10-° wl O, per platelet per hour for the unbuffered sys: 





vegan #7 METABOLIC ACTIVITY OF HUMAN BLOOD PLATELETS. I 837 
tem to 14.9 + 1.5 x 10°® wl O./plat/h. in the buffered system. The respiration 
quotient was 0.97 + 0.19 in the unbuffered system and 0.94 + 0.08 in the buffered 
system. These values represented the mean of five experiments and showed 
a large quantitative change and perhaps, too, a qualitative change, as indicated 
by the change in respiration quotient. In addition, the values in the buffered 
system showed less dispersion. 

Varying the volume of the suspension from 2 to 4 ml. gave no appreciable 
effect, as was shown by keeping the total number of platelets in the suspen- 
sion being measured constant, the volume being varied by means of adding 
platelet-poor plasma to the platelet-rich plasma (Table I). That the oxygen 
consumption due to oxidase was directly proportional to the total number of 
cells respiring was shown by varying the volume of platelet-rich plasma and 
hence the number of platelets. The proportionality was demonstrated in three 
different anticoagulants on aliquots of the same platelets (Table IT). 


TABLE I, THE EFFECT OF VOLUME OF SUSPENSION ON OXIDASE ACTIVITY 








NO. OF PLATS, RESPIRING | VOLUME OF SUSPENSION | BL O./PLAT/H x 1079 


: 9 
9.92 x 108 8.2 


(ad 





wh wb 


10.68 x 108 


7.76 x 108 


2 
4 


9.60 x 108 


H bo 





When the pH was varied between 6 and 8 and ionic strength from 0.075 to 
0.23, the results were equivocal. However, changes in the tonicity either to 
hypo- or hypertonic levels interfered seriously with metabolic activity 
(Table III). The data showing the effect of the common anticoagulants on 
the activity of the oxidase system are presented in Table IV. The figures are 
from twenty or more separate experiments and in most cases duplicates were 
averaged to obtain each point. Over twice as many experiments were done 
using ACD and EDTA as anticoagulants. Measurable oxidase activity of 
platelets was not present when heparin was used as an anticoagulant. Since 
normal platelets showed considerable dispersion of metabolic activity, five 
experiments on platelets obtained from the same donor but collected in ACD 
and EDTA are presented in Table V to illustrate that the changes were Cue, 
solely, to the anticoagulant. 


Alterations in the activity of the oxidase system were then studied. In 
Table VI the variation resulting from the simple trauma of centrifugation is 
presented. These results demonstrated that centrifugation injured oxidase 
activity. If a plasma factor alone were involved, resuspension of platelets in 
their own plasma should have shown the same oxidase activity as noncen- 
trifuged platelets. While the data on resuspended platelets was not as clear- 
cut as that on platelets washed and resuspended in saline, there can be no 
question that injurious effects ensued. 
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TABLE LV, Errrect ofr COMMON ANTICOAGULANTS ON OXIDASE SYSTEM 








SODIUM SODIUM 
ACD EDTA CITRATE OXALATE 
“pL 0,/PLAT/H x 10°9 12.1 + 3.5 8.9 + 2.9 4.95 + 1.8 4.6 + 0.9 
Respiration quotient 0.94 + 0.08 1.0 + 0.04 0.95 0.97 
Extreme values 8.2 to 18.1 5.7 to 14.8 Peps an Oa fete. 1.3 to 5.7 








TABLE V. OXIDASE ACTIVITY OF PLATELETS FROM THE SAME DONOR IN EDTA anp ACD 








ACD EDTA 
pb 0./PLAT/H x 10-9 B 0./PLAT/H x 10°9 
15.3 7.73 
16.9 9,42 
10.3 8.3 
12.9 Del 

9.9 








TABLE VI, THE EFFECT OF CENTRIFUGATION ON OXIDASE ACTIVITY 








| PLATS. RESUSPENDED IN 
ANTI- | PLATS. IN P.R.P. PLASMA WASHED PLATS. 
EXP. | COAGULANT | yu L O,/H x 10°9 “ L 0./PLAT/H x 10-9 pt L O./PLAT/H x 10°9 
ACD 8.9 3.3 0 
ACD 10.3 0 
ACD 8.4 0 
EDTA 8.3 : 0 
EDTA 8.8 0 
10.2 0 











TABLE VII. Tuer Errecr or STORAGE ON OXIDASE ACTIVITY 








ACTIVITY IN THE MEDIUM IN pL 0,/PLAT/H x 10-9 
| STORED | 

| STORED AS | RESUSPENDED 
| 





4° Cc. STORAGE 


INTERVAL 
(DAYS ) ANTICOAGULANT | BLOOD STORED PRP IN PLASMA SALINE 


0 ACD = ae — 
2 ACD 3.: > 0 
ff ACD 0 
ACD — 
ACD 0 
ACD 0 
EDTA 8. — - 4 
EDTA 
KDTA 
EDTA 
EDTA 
EDTA 


| 





Ne onronn 








| 
| 
| 


Data on the influence of storage on the activity of platelets were studied 
in blood from which platelets had been separated at the time of measurement 
and in platelet-rich plasma, both buffered and unbuffered, in platelets re- 

’ suspended in their own plasma and in platelets washed three times and re- 
suspended in saline (Table VII). 

The results indicated that oxidase activity was perhaps best preserved in 
whole blood; buffering the platelet-rich plasma enhanced the preservation of 
platelet activity slightly. In ACD, oxidase activity disappeared at a some- 
what slower rate. There was no measurable oxidase activity in platelets 
separated by the falling film centrifuge,* suspended in gelatin, and stored. 


*We wish to thank Dr. James Tullis for his cooperation in supplying platelets separated 
by the falling film centrifuge. 
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Alterations in the oxidase activity occurred when known inhibitors, i.c., 
cyanide and sodium fluoride, were added to the experimental system. Cyanide 
inhibited oxygen uptake completely, while sodium fluoride decreased the 
oxidase activity by about 20 per cent. 

Adding the metabolic substrate glucose to platelets separated from nor- 
mal blood collected in EDTA resulted in an inerease in oxidase activity. The 
inerease was not as striking as in the ease of dehydrogenase (Table VIII). 
This table also presents data on the effect of these substances on the activity 
of the dehydrogenase systems. 


TABLE VIII. Tue Errect or ADDED GLUCOSE—SODIUM FLUORIDE AND SODIUM CYANIDE 
ON OXIDASE AND DEHYDROGENASE ACTIV!TY 


OXIDASE DEHYDROGENASE 
CONTROL VALUES |} pl 0o/PLAT/ OL 0O./PLAT/ 
LL O./PLAT/H 
ADDITIVE | OXIDASE | DEHYDROGENASE 
Glucose 8.4 
Glucose 6.3 
Glucose 7.2 
Sodium fluoride? 8.3 
Sodium fiuoride> 9.6 
Sodium fluoride» Fi 
Sodium cyanide* 6.3 
Sodium cyanide* 7.0 
Sodium cyanide* 8.3 

















i | 


fem peek ee 
bo me He a 1 
booo Oto 





; All measurements were done on platelets from blood collected in EDTA and buffered 
with pH7P/20.15 phosphate buffer. 


a. Concentration 1 of glucose brings value to the same as ACD. 
Concentration 2 of glucose brings value to twice concentration of ACD. 


b. Final concentration of sodium fluoride was 0.001 M. 
c. Final concentration of sodium cyanide was 0.003 M. 


B. The Dehydrogenase Systems.—Studies on this system were less ex- 
tensive than those on the oxidase system. With use of platelets separated 
from blood with ACD and EDTA as anticoagulants, the dehydrogenase ac- 
tivity for ACD platelets was 12.4 x 10-° yl O./plat/h. with a range of from 
5.8 to 19 while the same platelets in EDTA gave a value of 9.3 x 10° ul 
Q./plat/h. with a range of 4.7 to 14.3. A clear reduction in activity for plate- 
lets separated from EDTA blood was noted. Data for the effect of metabolic 
substrates and inhibitors on the activity of dehydrogenase systems showed 
qualitative similarities to the oxidase systems but rather striking quantitative 
variations. Of particular interest was the large increase in oxygen consump- 
tion when glucose was added and the complete inhibition on the addition of 
the known glycolytic inhibitor sodium fluoride. These data tended to im- 
plicate dehydrogenase activity with glycolysis while indicating that oxidase 
activity might be associated with other metabolic systems. The effects of cen- 
trifugation and storage on dehydrogenase activity paralleled the data from 
the oxidase systems. In the few abnormal states thus far studied, qualitative 
and quantitative variations in the systems themselves, as well as in their re- 
sponse to inhibitors and substrates, were noted. These studies will be pre- 
sented at a later date. 

C. Lactic Acid.—The mechanism for aerobic lactic acid production by the 
platelets is poorly understood at present. Table LX shows clearly that lactie acid 





ee METABOLIC ACTIVITY OF HUMAN BLOOD PLATELETS. I S41 
was produced. The accumulation of lactic acid was apparently unaffected by 
changes in anticoagulants, nor was there any demonstrable difference in the rate 
of accumulation of lactic acid following washing of platelets or their storage. 
In fact, accumulation of lactic acid occurred in the absence of detectable oxidase 
and dehydrogenase activity. 

Lactic acid accumulation was increased by the addition of glucose and 
deereased when sodium fluoride was added. - The addition of the latter chem- 
ical resulted in morphologic changes including platelet lysis. 

Studies of lactic acid accumulation by platelets in abnormal states have 
thus far shown either normal or greatly increased rates. In none of the cases 
studied has laetie acid accumulation been diminished. 


TABLE IX. Lactic AciIpD ACCUMULATION 


ANTICOAGULANT ! | EDTA | SODIUM CITRATE 
y Lactie/plat/H x 10-7 es * \ 1.0 
y Lactie 

















D. Correlation of Metabolic Changes With Function in the Coagulation 
IMechanism.—Aliquots from the samples used for metabolic study were evalu- 
ated for their effectiveness in blood coagulation. Clot retraction paralleled 
closely the activity of the oxidase-dehydrogenase systems. Variations in ionic 
strength, manipulation (centrifugation or washing), metabolic substrates and 
inhibitors, and storage resulted in a rapid reduction of clot retraction, which 
was completely absent after 12 to 48 hours of storage in various media. There 
was no clot retraction when platelets were used which were prepared in dex- 
trose-acetate-saline solution or washed and stored in gelatin.* 

TABLE X. COMPARISON OF OXIDASE AND COAGULATION EFFECTS UPON STORAGE 


(ANTICOAGULANT, ACD) 





"OXIDASE IN. 
BL 0O./PLAT/ 
H x 10-9 
(DAYS) | A | 1 | B A | B | A | 
10.3 2. ; : 100 100 100 
4.3 85 60 65 
Less 
than 1 0 80 68 65 
0 0 86 s 30 
0 0 S80 
A, Platelet rich plasma. 
B, Saline suspension of platelets. 
Parallel experiments using EDTA as the anticoagulant gave similar results. 














The ability of ‘‘nonviable,’’ i.e., stored or injured, platelets to generate 


thromboplastin and initiate prothrombin utilization was less impaired and 
closely paralleled the data obtained for lactic acid accumulation. Variations 
in anticoagulant, ionic strength, and manipulation decreased but did not de- 
Stroy either the ability of the platelets to generate thromboplastin or to cause 
wilization of prothrombin when added to native thrombocytopenic blood or 
plasma (Table X). In some instances, platelets which showed no metabolic 


*Platelets provided by Dr. Tullis 
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activity due to storage or other variables resulted in better prothrombin 
utilization than did fresh platelets, although thromboplastin generation was 
somewhat decreased. 
DISCUSSION 


This study has demonstrated active aerobic oxygen consumption and 
carbon dioxide production, as well as lactic acid accumulation by the plate- 
lets under the conditions of our experiments. These metabolic activities ap- 
pear to be due to the presence in the platelets of active oxidase and dehydro- 
genase systems. The values obtained both for oxygen consumption due to 
oxidase in unbuffered ACD systems and for respiratory quotient are in agrec- 
ment with those of Maupin.' The respiratory quotient of 0.96 + 0.05 was 
not significantly altered either by anticoagulants, trauma, or storage. This 
value strongly suggests the presence of some degree of carbohydrate metabo- 
lism. Some of the studies on the effect of metabolic substrates and inhibitors 
lend support to this implication, especially in the case of dehydrogenase ac- 
tivity. The same data on oxidase activity can be interpreted as an indication 
of the presence of metabolic systems other than those of carbohydrate nature. 
In the experiments in which glucose in varying concentrations was added to 
EDTA, the moderately increased activity due to oxidase systems was in strik- 
ing contrast with the marked increase in activity due to dehydrogenase sys- 
tems. To substantiate these data, the addition of the known glycolytic in- 
hibitor, sodium fluoride, produced a moderate (20 per cent) decrease in ac- 


tivity due to oxidase systems, while the activity ascribed to dehydrogenase 
systems was completely inhibited. These complementary studies strongly 
suggest that dehydrogenase activity is associated with carbohydrate metabo- 
lism, while a large part of the oxidase activity is probably associated with 
other metabolic activities. 


Although glycolysis is by no means the only mechanism which ean ac- 
count for the production of lactic acid, the accumulation of this substance is 
almost certainly an indication of glycolytic activity. It is of interest that 
lactic acid accumulation did not parallel that of oxygen consumption and was 
little, if at all, affected by different anticoagulants, trauma, and storage. Only 
a mild decrease in lactic acid accumulation was noted in the experiments 
with sodium fluoride. When glucose was added, less lactic acid was aceumu- 
lated than was to be expected if glycolysis was the only mechanism of accumu- 
lation. These studies, which are by no means complete, indicate that the ac- 
cumulation of lactic acid may prove to be a promising metabolic index. 

The respiring systems were strikingly altered by changes in ionic strength, 
which, together with other as yet unreported data, suggests that the platelet 
is a metabolizing unit rather than simply a bit of cytoplasm. These systems 
have also been altered by such trauma as washing and storage, which have 
been shown either to alter function’ or to shorten the in vivo survival® of plate- 
lets. Preliminary studies in abnormal states have also shown significant varia- 
tions, not only in the activity of these systems but also in the response of ab- 
normal systems to metabolic substrates and inhibitors, as compared with the 
normal values presented in this study. 
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In studying the viability of platelets as related to blood coagulation, a 
close correlation between viability and clot retraction was observed, suggest- 
ing that clot retraction is dependent on the presence of intact, fresh, viable 
platelets. Thromboplastin generation and prothrombin utilization were de- 
monstrable long after platelet viability had ceased, as measured by both the 
oxidase and dehydrogenase systems. This indicates that substances derived 
from platelets may initiate thromboplastin generation in the absence of viable 
platelets. Products which act as platelet accelerators may act similarly. 

The close parallelism of various platelet functions with lactic acid ae- 
cumulation may indicate that the latter index is of value in estimating the 
ability of platelets to generate thromboplastin and initiate the first phase of 
blood coagulation. Some morphologic changes were noted in platelets follow- 
ing storage, manipulation, and especially upon the addition of sodium fluoride. 
These platelets manifested no measurable oxidase or dehydrogenase activity 
or clot retraction, but lactic acid accumulation, thromboplastin generation, and 
prothrombin utilization effects were still present though decreased. These ob- 
servations indicate a distinct correlation between certain metabolic functions 
of the platelet and its viability. 


SUMMARY AND CONCLUSION 


Human platelets have measurable metabolic functions as demonstrated 
by oxidase and dehydrogenase activity. Respiratory quotient and data on 
metabolic substrates and inhibitors indicate some degree of carbohydrate 
metabolism. Dehydrogenase activity appears to be associated with carbohy- 
drate metabolism, while a large part of oxidase activity may be associated 
with other metabolic functions. The respiring systems are readily affected 
by changes in pH, manipulation, storage, and ionic strength. The large change 
in activity effected by changes in ionic strength may indicate the presence in 
platelets of a membrane or some other similar mechanism. Lactic acid is pro- 
dueed by platelets, but the accumulation of lactie acid is independent of oxy- 
gen consumption. Some degree of correlation between these metabolic sys- 
tems and the role of platelets in blood coagulation is present. The assay of 
in vivo viability by changes in the various parameters studied may prove of 
value in various problems concerned with platelets, as in their storage and 
their functions in the coagulation system. 
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INHIBITION OF INSULIN ACTION BY SERUM GAMMA GLOBULIN 


ARTHUR R. CoLWELL, M.D., AND Ropert W. WEIGER, M.D. 
CuHIcaGo, IL. 


ao? much is known about the mechanisms involved in resistance (insensi- 
tivity, refractoriness) to insulin. It is generally considered to exist when 
hundreds or thousands of units of insulin daily are required for approximate 
control of diabetes. Insensitivity to the hormone may be encountered in non- 
diabetic states as well, but the phenomenon is more apparent, and up to now 
has received more attention, in diabetes mellitus. 

Resistance to insulin among diabeties may occur in a variety of conditions 
including allergic and infectious states, acidosis, certain malignant disorders, 
hyperfunctioning adrenocortical and anterior pituitary lesions, congestive 
heart failure, hemochromatosis, and other forms of hepatie disease. 

Not infrequently insulin resistance in diabetes is seen unassociated with 
any other clinical disorder except the diabetes itself. Excellent reviews have 
been published by others.‘ 

The cause of insulin resistance may vary from one case or one associated 
disorder to another, but it is conceivable that the revelation of a specific mech- 
anism in one could lead to its identification in others. It is not inconceivable, 
moreover, that insulin resistance is simply an exaggerated form of the defect 
which is responsible for idiopathie diabetes mellitus with normal insulin sensi- 
tivity. The same abnormal mechanism could exist at both extremes of sensi- 
tivity to insulin, the difference being only quantitative. 

Most studies of the nature of insulin resistance have been done on the sera 
of diabetics who require large amounts of insulin. Glen and Eaton‘ first 
showed that serum from a resistant diabetic patient protected rabbits from 
administered insulin. Banting® showed the same thing in mice, using serum 
from a nondiabetic psychiatric patient on insulin therapy. Lowell® perfected 
and amplified this technique, developing semiquantitative methods, which have 
been used by others, for estimation of the amounts of insulin-inhibiting sub- 
stance present. By his method insulin and the substance to be tested are usu- 
ally mixed in vitro before intraperitoneal injection. Convulsions, death, other 
characteristic symptoms, and blood sugar reduction serve as criteria of insulin 
effect, and their absence as evidence of insulin inhibition. With proper modi- 
fication this method has been used in the present study (see Methods and Ma- 
terials). 

Insulin antagonists have been found in resistant sera by Lerman’ using 
precipitin reactions, by Stavitsky and Arquilla* using hemagglutination tech- 
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niques, and by Marsh and Haugaard® with glycogen uptake studies on the rat 
diaphragm. Wasserman, Broh-Kahn, and Mirsky’? showed insulin to be anti- 
venice by complement fixation reactions in sensitized rabbits. Using cattle and 
pig insulin as antigens, Moloney and Coval'! caused production of immune serum 
in guinea pigs. When transfused alone into rats this serum led to marked hyper- 
glycemia which was unresponsive to the insulin which had been used as the 
antigen. It was responsive, however, to insulin from sheep or guinea pig pan- 
creas. Insulin antigenicity has been demonstrated by others.**-** 

Most of these studies have done little more than to disclose that an insulin 
inhibitor is contained in the sera of certain humans and animals known to be 
resistant to insulin. As early as 1938, however, Banting’ stated that, ‘‘The 
anti-insulin factor in the blood appeared to be precipitated with the globulin 
fraction and was non-dialvsable.”’ In 1952, De Filippis and lannaccone’” 
found that serum from a resistant patient mixed with insulin and injected into 
rats prevented the convulsions which otherwise uniformly followed the injec- 
tion of similar amounts of insulin. The euglobulin fraction apparently con- 
tained the inhibiting substances and other fractions did not. Only one speci- 
men was studied. Kaye, McGarry, and Rosenfeld’ recently have confirmed 
this phenomenon in another resistant diabetic patient. Gamma globulin from 
that serum ‘‘neutralized’’ insulin: i.e., there was much less hypoglycemia in 
mice after insulin mixed with that fraction (or with dialyzed whole serum) 
than after identical doses of insulin mixed with other protein fractions or with 
control serum from a diabetic patient normally sensitive to insulin. Cortico- 
tropin increased the patient’s blood and urine sugar. Sehon, Kaye, McGarry, 
and Rose’? reported additional detail regarding this patient. The gamma 
globulin content of the serum was increased, and the ‘‘insulin-neutralizing’”’ 
activity was associated with the gamma-—2 fraction. Collens and Banowitch" 
recently reported a case of insulin resistance in which serum globulin tended 
to be high and in which cortisone administration led to a sharp reduction in 
insulin requirement. No biologie studies of the serum were done. 

We have studied a patient with hemochromatosis and severe, labile dia- 
betes which was highly resistant to insulin. Observation was continuous over 
a period of seven months until death. Intensive studies during the final two 
months included assays on 17 serial serum specimens by biologie and electro- 
phoretie analysis; first, during a phase of marked insulin resistance (dosage 
up to 11,400 units daily) and, second, after a sharp loss of resistance caused by 
corticotropin. Serum protein, globulin, and gamma globulin levels tended to 
parallel the amounts of insulin needed. 

Inhibiting titers comparable to those of the sera from which they were 
prepared were demonstrated in the gamma globulin fractions of several of 
the sera. Other fractions were found not to show such activity, as were sera 
from normal persons and sera with large amounts of sugar added. Inhibiting 
activity was reduced after corticotropin. The specific nature of a probable 
insulin-gamma globulin complex is suggested by a new in vitro method utiliz- 
ing radioactive isotopes. These latter data will be reported in a subsequent 
communication. 
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CASE REPORT 

A 48-year-old white American man developed severe diabetes mellitus in mid-1954, 
nine months before he died on March 30, 1955. Initial rapid weight loss, thirst, and poly- 
uria led to a diagnosis of diabetes mellitus, and 60 units of insulin were taken daily with 
some improvement. But two months later severe diabetic acidosis occurred in spite of the 
same amount of insulin taken regularly. About 1,200 units were then required for re 
covery from the precomatose state. 

At this time the existence of hemochromatosis was apparent because of the pigmente:| 
skin, enlargement of the liver and spleen, atrophic testes, and a heavily iron-staining 
liver specimen obtained by needle biopsy (Fig. 2, 4). No blood transfusions had been given 
and no hemolytic state existed. Autopsy findings later confirmed the diagnosis 
(vide infra), 
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Fig. 1.—Course of the disease for the seven months of quantitative study. The chart 
shows the insulin given daily, glucose excreted in urine, fasting blood sugar and serum 
protein values, body weight, and corticotropin dosage. Note especially the increases in serum 
total and gamma globulins, followed by abrupt reduction in insulin requirement and less rapid 
reduction in globulins after corticotropin. 


The seven-month course to the time of death is shown graphically in Fig. 1. It was 
characterized by the following major clinical features: 

Diabetes.—This was exceptionally labile and severe, as indicated by (1) difficulty in 

. ’ © Sua . 

avoiding acidosis and maintaining weight, (2) blood sugar levels as high as 496 mg. and 
as low as 13 mg., (3) excretion of as much as 248 Gm. glucose in the urine in 24 hours, 
and (4) violent, unpredictable insulin shock. Such wide fluctuations were determined 
by the amounts of insulin given, the need for which was most difficult to judge. 


Insulin Requirement.—The insulin needed for irregular control during the seven 
months of study increased steadily. For the first six weeks about 400 units daily were 
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Fig. 2.—Sections of liver stained to show hemosiderin content (300). A, Needle biopsy 
specimen in first month of study before any discard of erythrocytes. B, Needle biopsy speci- 
men in eighth month of study after 47 phlebotomies, with discard of 7.5 liters erythrocytes 
containing 8.6 Gm. iron during preceding 24 weeks since section shown in A. C, Autopsy 
specimen after a total of 57 phlebotomies, with discard of 9.1 liters of erythrocytes containing 
10 Gm. iron during preceding six months since the section shown in A. The liver weighed 
3,950 grams and contained 11.5 Gm. iron. Corticotropin was given six weeks previously. Note 
decreasing size of iron granules. Stained with Prussian blue. 
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required, on the average. For the next three months the requirement increased to about 
2,000 units daily and for the subsequent two months to an average of 5,400 units daily. 
On two consecutive days in the sixth month he was given 11,400 and 11,300 units, re 
spectively. Even so, on the first of these days, 61 Gm. glucose was excreted and a blood 
glucose level of 233 mg. was observed. After corticotropin therapy was initiated the in 
sulin requirement fell abruptly (vide infra). 

Insulin was no more effective when given by vein than when given subcutaneously. 
It was given four times daily in U-500 and U-5,000 solutions.* Skin tests with both 
preparations were frankly negative. 





Hemochromatosis.—The clinical signs of the underlying disease progressed during the 
seven months of study. The liver remained hard and greatly enlarged, reaching to the level 
of the umbilicus and iliac crest. Even so, tests of hepatic function showed little variation 
from normal. Moderate enlargement of the spleen persisted. Ascites requiring repeated 
paracentesis was present during the second and third months: it disappeared when phlebot- 
omies were started and did not recur. Skin pigmentation increased progressively. Liver 
punch biopsy showed fibrosis and iron deposition initially (Fig. 2, 4), which decreased some- 
what (Fig. 2, B and C) after 57 phlebotomies in 23 weeks, done in an effort to deplete iron 
stores as suggested by Davis and Arrowsmith.19 About 28.5 liters of blood was withdrawn, 
red cells were separated and discarded, and plasma was reinjected, as a rule. Hemoglobin 
and cell pack remained at about 10 Gm. and 32 per cent throughout the period of the 
phlebotomies. Some 9.1 liters of erythrocytes containing about 10 Gm. of iron were discarded. 
Serum iron analyses were not made during life. 

Blood Protein.—Fig. 1 shows the blood protein values measured at intervals, An early 
fall to values of 5.1 Gm. per cent total protein and 2.1 Gm. per cent globulin during the 
second month of study was followed by a fairly steady increase to peak values of 8.1 
and 5.0 per cent in the sixth month. Gamma globulin increased concurrently from an 
observed low concentration of 2.2 to a high of 3.38 Gm. per cent. The rise began soon 
after phlebotomies were started. Whether this was in any way responsible could not be 
determined. The highest values were coincident with the greatest insulin requirement. 
All values fell after corticotropin administration, as described in the following section. 

Reversal by Corticotropin.—At the height of the insulin requirement and serum globulin 
values in the sixth month of study, corticotropin was given intramuscularly for 18 days in 
a daily dosage of 40 to 80 units (usually 80). This was suggested by the experience of 
Howard2° in another case of insulin resistance, as well as by the observed parallel in- 
creases in serum globulin along with insulin required by our patient. 

As shown in Fig, 1, there was a precipitate fall in insulin requirement (administered 
according to apparent need) from 11,400 to about 100 units daily within five days. During 
this period of reduction in insulin administered, almost continuous threat of hypoglycemia 
was present. It was prevented only by glucose intravenously in amounts as high as 888 
and 747 Gm. on the third and fourth days of corticotropin. Thereafter hypoglycemia was 
largely avoided by use of much smaller amounts of insulin, as shown. During the final 
month the insulin given never exceeded 1,300 units and averaged 450 units daily. The in- 
sulin required did not increase after corticotropin was stopped. 


TABLE I. SERUM PROTEINS BEFORE AND AFTER CORTICOTROPIN 











AVERAGE BEFORE | LOW AFTER 


ne 
CORTICOTROPIN CORTICOTROPIN | CHANGE 
| 















PROTEIN (GM. %) (GM (GM. %) 
Total protein* 7.2 BQ 
Total globulin*® 4.8 1.9 —2.9 
Gamma globulin’ 3.2 1.0 —2.2 
Albumin 2.4 2.3t —-0.1 


*Total protein was determined by the micro-Kjeldahl method, globulins by the method 
of Howe, and gamma globulin by Tiselius electrophoresis. 
yAverage. 


*Furnished by courtesy of Dr. William Kirtley of Eli Lilly & Company. 
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Serum total protein, total globulin, and gamma globulin values fell concurrently 
hut less abruptly during and after the 18 days of corticotropin. Gamma globulin decreased 
by about 2 Gm. per cent to, about one-third of its former level. Consequently, there were 
corresponding decreases of about the same magnitude in total globulin and total protein, 
with no significant change in serum albumin (Table I). This occurred simultaneously with 
a more rapid, spectacular decrease in insulin resistance to near normal. In following see- 
tions and in a subsequent report it will be shown that these phenomena are intimately 
related. 

From their low concentrations after corticotropin the total protein and globulin 
rose somewhat in the final month. Then an Hscherichia coli peritonitis and pleuritis de- 
veloped and the patient died about seven months after our first observation, nine months after 
the recognition of his diabetes. 
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Fig. 3.—Observations during the last two months before death. The chért shows the 
relationships between serum insulin-inhibiting titers (bars), sugar (stars), gamma globulin 
(circles), and complement (triangles) before and after corticotropin administration. Insulin 
requirement and glucose in urine are shown also (Fig. 1). Note especially the fair correla- 
tion between the insulin-inhibitor and gamma _ globulin values, and the close relationship 
between the inhibitor and sugar values in sera obtained before corticotropin, absent afterwara. 


Necropsy.—Acute serofibrinous peritonitis and pleauritis were the apparent immediate 
causes of death. 

The liver weighed 3,950 grams. It had a thick, fibrosed capsule, was reddish brown 
in eolor, leathery, and was cut with marked resistance. There was pronounced distortion 
of the normal architecture, a dense fibrous deposit around the hepatic lobules, and ex- 
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tensive hemosiderin accumulation in the hepatic cells. Even after 57 recent phlebotomies, 
its elemental iron content was 290 mg. per 100 Gm., or about 11.5 Gm. in toto. Its micro- 
scopic appearance is shown in Fig. 2, C, compared with biopsy specimens obtained five and a 
half months and two weeks previously (Fig. 2, 4 and B). 

The pancreas weighed 200 grams. It contained several pea-sized clear cysts and showed 
marked fibrosis and reddish-brown parenchyma, dilated ducts, diminished islands, and ex- 
tensive intracellular accumulation of hemosiderin (49 mg. iron per 100 Gm. for a total of 
0.1 Gm.), 

The spleen weighed 640 grams. It was compact, firm, and grayish blue. It contained 
hemosiderin in the reticuloendothelial cells, walls of blood vessels, and septa. Its iron con 
tent was 62 mg. per 100 Gm., or 0.4 Gm. 

The testes and thyroid were atrophied. 

The serum contained 0.29 mg., and the ascitic fluid 0.43 mg. iron per 100 ml. A com 
plete survey of the iron content 0‘ almost ali tissues, together with an estimate of the iron 
content of the entire body, will be reported later. 


INSULIN-INHIBITING CAPACITY OF BLOOD SERA AND PROTEIN FRACTIONS 


Seventeen large samples of blood serum were drawn and saved at intervals 
of one to six days during the last 54 days of study, the final one immediately post 
mortem (Fig. 3). The capacity of the whole serum and some protein fractions 
to suppress the activity of insulin (‘‘insulin-inhibition titer’’) was assessed and 
compared with appropriate controls by a modification of Lowell’s method® in 
2,092 mice. This method was selected in preference to others because of the sharp 
and consistent contrast between the inhibiting effects of the resistant and non- 
resistant sera tested. This was easily demonstrated in groups of only 10 or 20 
mice, as the tables show. 


METHODS AND MATERIALS 


Blood from donors was drawn into centrifuge tubes, refrigerated, allowed to clot, and 
centrifuged at 6 to 10° C. Serum was removed and quick-frozen on dry ice in plastic tubes 
within five hours of phlebotomy. Serum sugar and total protein determinations were 
made on thawed serum with use of modified Folin-Wu and micro-Kjeldahl methods. Total 
globulin was determined by the Howe method and gamma globulin by Tiselius electrophore- 
sis. Complete analysis of all sera by Tiselius and paper electrophoresis will be published 
in a separate report.21 

Gamma globulin and other fractions tested were prepared by the method of H. Sven- 
son,22 with use of ammonium sulphate and subsequent dialysis. It was found to be quite 
pure by paper electrophoresis, with use of a vertical Durram-type cell, Veronal buffer at 
pH 8.6, and 0.625 Ma. for !6 hours per 30 x 2.5 em. strip of Whatman 3 mm. paper. The 
Kekwick method with sodium sulphate23 gave fractions of similar purity, but they were not 
used for testing because of the better adaptability of the Svenson method to cold-room 
technique. 

The minimal lethal or convulsive dose of insulin for mice of the strain and size used 
was determined as follows. Insulin,* in amounts increasing from 0.033 to 0.333 units per 
mouse, was diluted up to standard volumes of 0.5 ml. with normal saline or with serum 
from each of six normal persons and injected intraperitoneally into groups of 20 to 88 mice 
within 15 minutes of mixing. As shown in Table II, the smallest dose tested which caused 
convulsions and/or death in all mice injected was 0.067 units, both with saline and with 
normal serum. One-half that much (the dose selected by Lowell6) was not convulsive nor 
lethal in 30 to 44 per cent of the mice (‘‘inhibition titer’’—Table IL). It is of interest that 
Banting® also found the minimal convulsive dose for all mice to be 0.07 units. 

Accordingly, 0.067 units was the standard dose selected for testing the serum from the 
hemochromatosis patient. Injections were prepared by diluting 1 ml. U-40 insulin to 50 ml. 


*Crystalline zinc-insulin, U-40, Eli Lilly & Company. 
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with saline and mixing 1 ml. of this with 5 ml. of the freshly thawed serum to be tested. Five- 
tenths milliliter of this insulin-serum mixture was injected into each mouse intraperitoneally 
within 15 minutes of mixing. 

Insulin-protein fraction mixtures were prepared in a similar manner, using amounts of 
the separated fractions calculated to be equivalent to those originally present in the sera 
from which they came. 


TABLE IT, MINIMAL CONVULSIVE OR LETHAL DOSE OF INSULIN WHEN MIXED WITH SALINE 
oR NORMAL SERUM 











MICE 
CONVULSED 
INSULIN* TEST TOTAL t OR DIED INHIBITION 
UNITS SUBSTANCE* DONOR NO. GROUPS NO. TITERS t 
0.033 Normal saline 45 (3) 25 44 
0.067 Normal saline 80 (6) 80 0 
0.133 Normal saline 20 (aly) 20 0 
0.266 Normal saline 20 (1) 20 0 
0.333 Normal saline 20 (1) 20 0 








0.033 Normal serum (R. W.) 5) (1) 3 40 
0.033 Normal serum (L. B.) 15 (2) 10 33 
0.033 Normal serum (2. 8B:) 10 (1) 7 30 
0.083 Normal serum CN..S:)) 20 (1) 12 


0.067 Normal serum (R. W.) 88 ) 88 
0.067 Normal serum me oy 21 ) 21 
0.067 Normal serum Be) 10 ) 10 
0.067 Normal serum ase 35 =) 35 
0.067 Normal serum ( , 5 a) 5 
0.067 Normal serum A.C.) 20 ) 20 

Explanation: 
aA: *Insulin in the amount shown was made up to 0.5 ml. with each test substance and 
injected intraperitoneally into each mouse. 

7The number of mice tested with each insulin-test substance mixture is given in this 
column. The figures in parentheses show the number of groups tested with each insulin-serum 
mixture on different occasions. 

_tThe “insulin-inhibition titer” is the percentage of mice tested which failed to convulse 
or die after injection with each insulin dose and test substance: 

(survived without convulsions or death 


2 ) 
total tested x 200). 








Serum complement was determined by the method of Heidelberger.* Normal values in 
this laboratory are 40 to 50 units. 


Healthy 15 to 20 gram albino mice of both sexes were used for serum assay, none for 
more than one test. They were kept at room temperature without food or bedding for 24 
hours preceding the test, and in a walk-in incubator at 37° C. for 1% to 2 hours before and 


2 hours after injection. Water was allowed freely before but not after injection. 


Mice were observed closely for two hours after injection. The time of appearance of 
weakness, ataxia, convulsions, and death, or recovery was recorded for each mouse. One to 13 
experiments, each on a group of 5 to 20 mice, were performed with each test substance, as 
shown in the tables. 

The percentage of mice in a group that failed to convulse or die when injected with 
the standard dose of insulin mixed with a test ‘substance is recorded as ‘‘inhibition titer’’ 
in all tables. Thus, if all mice convulsed or died, no inhibition was present (0). If no mice in 
& group convulsed or died, inhibition was rated complete (100). Intermediate results were 
judged in a similar fashion, with titers scored within the range of 0 to 100. 

Lowell’s criteria of weakness, overactivity, hyperirritability, and ataxia were discarded 
because they were found to involve wide subjective factors in interpretation, Convulsions 
and/or death were objective and conclusive. Death followed convulsions in more than 90 per 
cent of the instances, while 95 per cent of all deaths were preceded by convulsions. 


*We are indebted to Dr. David P. Earle, Jr., of this Department for the serum comple- 
ment determinations. 
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To rule out the possibility of morbidity from starvation or incubator exposure, two 
control groups of 93 and 132 mice were subjected to all experimental conditions except the 
injections. None convulsed or died. 

RESULTS 

Activity of Whole Sera.—Table III and Fig. 3 show the insulin-inhibiting 
titers of the 17 serial specimens of whole serum from our patient before and 
after the use of corticotropin. 

Four of six sera withdrawn during the period of high insulin requirement 
before corticotropin (2/5, 10, 11, 19) showed inhibiting titers as high as 85 
to 93 with the standard convulsive-lethal dose of insulin. The other two (2/14, 
16) were less active (30 to 34 inhibition titers). All groups contrasted sharply 
with the uniformly convulsive or lethal response to the same amount of in- 
sulin mixed with normal serum or saline (Table II). 

After corticotropin administration, 10 of 11 sera showed inhibiting titers 
of only 8 to 28 in multiple experiments with large groups of mice. This change 
after corticotropin was parallel, although less abrupt and consistent, to the fall 
in insulin requirement and in serum total and gamma globulin (Fig. 3). 


TABLE III. INHIBITION TITERS, SUGAR, AND COMPLEMENT VALUES OF PATIENT’S BLOOD SERUM 
BEFORE AND AFTER CORTICOTROPIN 


a 2S | 
DATE OF | | CONVULSED | SERUM SERUM | CORTICO- 
SERUM TOTAL (NO.) | OR DIED | INHIBITION | SUGAR | COMP. | 


TROPIN 
COLLECTION (GROUPS) — | (NO. ) TITER (MG. ) | UNITS UNITS DAILY 
2/5 10 ] 90 355 0 
2/10 20 3 85 294 0) 
2/11 60 4 93 330 0 
2/14 50 33 34 167 0 
2/16 60 42 30 164 0 
2/19 60 6 90 33 0 
2/25 50 4] 18 100 j 80 
2/28 50 f 86 330 40 
3/2 70 61 13 334 80 
3/4 40 35 13 200 80 
3/7 40 ae 20 100 80 
3/9 50 36 28 so 40 
3/11 50 46 8 166 0 
3/17 44 36 18 276 0) 
3/24 40 31 23 407 0 
3/25 40 33 18 408 0 
3/30 60 (5) 46 23 120 0 
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Explanation: See footnotes to Table IT. 


One serum after corticotropin (2/28) showed a high inhibiting titer (86) 
comparable to the most active of those before corticotropin. It is conceivable 
that this, along with the nine-day relapse in resistance shown at that time by 
the patient, was caused by the inadvertent halving of the corticotropin dosage 
for the two days immediately preceding the appearance of both. 

The serum complement value was below normal in the resistant and higher 
in the nonresistant phase (Fig. 3, Table III). The serum of 2/19 was deter- 
mined not to be anticomplementary. 


Thus, it is evident that there was good correlation, both before and after 
corticotropin, between (1) the insulin requirement, (2) the total and gamma 
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globulin concentrations, and (38) the insulin-inhibiting activity of the various 
sera tested. Further, there was a suggestion of correlation of these phenomena 
with serum complement. 

Stability —That the substance responsible for interference with insulin 
activity was not dialyzable and that it was stable for weeks after drying and 
eold storage unfrozen is shown in Table IV. A highly inhibiting serum (2/11) 
was dialyzed against one of low inhibiting titer (3/7) at 6 to 9° C. for 36 hours. 
Neither serum changed its inhibiting properties. The same active serum (2/11) 
was lyophilized and stored at room temperature for 33 days without loss of 
inhibiting titer. Another highly active serum (2/28) was stored unfrozen for 
42 days without substantial change in titer. 


TABLE IV. STABILITY OF ANTI-INSULIN EFFECT IN SERUM IN SPITE OF DIALYSIS, LYOPHILIZA- 
TION, AND STORAGE IN UNFROZEN STATE 











~ MICE | ash rer ae 
DATE OF | | CONVULSED |___ INHIBITION TITER 
SERUM | TOTAL | OR DIED TREATED UNTREATED 
COLLECTION TREATMENT OF SERUM | NO.* | NO. SERUM SERUMt 
2/11 Dialysis against 3/7 10 0 100 93 
ay aT Dialysis against 2/11 10 9 10 20 
2/11 Lyophilization 33 days 10 0 100 93 
2/28 Storage at 6-9° C. 42 days 20 2 90 86 
Explanation: See footnotes to Table II. 
*Only one group in each instance. 
*¥From Table ITI. 

















Activity of Protein Fractions—Gamma globulin contained the substanee 
responsible for the anti-insulin effect. Table V shows results with gamma 
globulin fractions comparable to those of the sera from which they were ob- 
tained. It should be noted that all sugar was removed on gamma globulin 
precipitation: hence sugar could not have been responsible for insulin inhibi- 
tion by those protein fractions. 

The remaining fractions of the sera tested after precipitation of gamma 
vlobulin showed no activity detectable by this method (Table V). 

Commercially prepared pooled normal gamma globulin in 4.0 and 0.8 Gm. 
per cent solutions at pH 7.2 showed no insulin inhibiting activity in 40 mice. 
None of our patient’s resistant sera contained gamma globulin in concentra- 
tion as high as 4.0 Gm. per cent. 

Sugar was not responsible for the insulin-inhibiting titers of the active 
sera. This conelusion is justified by the data shown in Table VI, which are 
as follows: 

Normal control sera to which glucose was added in amounts causing sugar 
values of 190 to 1,835 mg. per cent showed no higher inhibiting ac- 
tivity than before. 

Hyperglycemic sera from two nonresistant diabetic patients showed little 
or no insulin-inhibiting effect. 

Dialysis of five sera from our resistant diabetic patient against saline in 
the cold reduced their sugar content to less than 10 mg. per cent with- 
out change in inhibiting titer, confirming previous evidence that the 
anti-insulin substance is not dialyzable. 
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TABLE VI. DEMONSTRATING THAT VARYING AMOUNTS OF SUGAR IN BLOOD SERA Do Nor 
AFFECT THEIR INSULIN-INHIBITING TITERS 








MICE 





CON- INHIBITION TITER 
SERUM VULSED UN- 

SUGAR* TOTAL (NO.) OR DIED | TREATED | TREATED 

SERUM DONOR (MG. %) (GROUPS ) (NO.) SERUM | SERUMt 

; ) 5 0 

Normal (R. W.) 300-350 5 ) 5 0 

Normal (iB) 320 5 ) 5) 0 

Normal (a: 5.) i }5. 20 ) 20 

) 

) 








Normal | ~(R. W.) 190 5 





Normal (R. W.) 1460 20 20 
Normal (N.8.) 1835 25 23 
Diabetic (K. 362 20 (2) 20 

(2) 28 


is) 2 
Diabetic (D.S8.) 355 30 


2/11 Our patient <0 28 (3) 89 93 
2/19 Our patient <10 35 3) 4 86 90 
2/28 Our patient <10 35 (3) 86 86 
3/9 Our patient <10 30 (2) ¢ 37 28 
3/30 Our patient <10 30 (3) 20 2S 


Explanation: See footnotes to Table II. 

*Glucose was added to normal sera in vitro to make up total concentrations of sugar 
shown. Sera from two diabetic patients contained the amounts shown in vivo. Sera obtained 
from our patient were dialyzed in the cold against saline until their sugar content was less 
than 10 mg. before testing. 

7From Tables II and III (except two diabetics’ sera). 





The findings recorded in Table III and Fig. 3 show a remarkably close 


direct correlation between the seven serum specimens of 2/5 to 2/28, inclusive, 
and their titers for insulin inhibition. This was before and during the first 
week of corticotropin administration. Thereafter a correlation was absent. 
The possible significance of the early relationship will be discussed in the next 
section. From the findings with sugar it is obvious that the inhibiting activity 
shown by those sera could not have been due to their sugar content. 


TABLE VII. INSULIN-INHIBiTION TITERS OF PATIENT’S SERA WHEN INJECTED SEPARATELY 
FrRoM INSULIN AND WHEN MIXED WITH INSULIN BEFORE INJECTING 








MICE INHIBITION TITER 
DATE OF CONVULSED SERUM AND INSULIN SERUM AND INSULIN 
SERUM TOTAL OR DIED INJECTED MIXED BEFORE 
COLLECTION (NO.)* (NO. ) SEPARATELY INJECTION t 
2/14 10 7 30 34 
2/16 8 4 50 30 
2/19 10 0 100 90 


3/30 9 7 23 23 











Explanation: See footnotes to Table II. 
*Only one group in each instance. 
*7From Table IIT. 


Table VII contains evidence that it is unnecessary for the active substance 
to mix with insulin to exert its inhibiting effect. Even though standard 
amounts of resistant sera and insulin were injected unmixed into separate sites, 
the degree of resistance of mice against insulin remained about the same as 
when they were mixed in vitro before injection. This was true for highly and 
weakly active sera alike. 
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DISCUSSION 

In recapitulation, the major clinical features shown by this patient were: 
(1) proved hemochromatosis for seven months until death, (2) diabetes mel- 
litus of severe grade and labile behavior, (3) progressively increasing insulin 
resistance of high degree, (4) coneurrent hypergammaglobulinemia, also pro- 
gressive, (5) insulin-inhibiting capacity of gamma globulin, and (6) reversal 
by corticotropin of features (3), (4), and (5). In addition, serum com- 
plement was low during the phase of resistance and higher after corticotropin. 
These parallelisms, both before and after corticotropin, argue convincingly in 
favor of some common cause or at least related mechanism of production. 

All of the findings in our patient’s sera have been reported in isolated 
observations previously.2°"!* *4 Serum from the resistant patient reported by 
Howard was later found to contain ‘‘antibodies’’ against insulin in very high 


titer, by precipitin and rat diaphragm assay methods alike. They decreased 


subsequently as the resistance improved with corticotropin.” 

Our serial observations appear to augment and extend the earlier ob- 
servations considerably and te speak further in favor of a component of serum 
gamma globulin which causes increased resistance against insulin, in certain 
‘ases, at least. Of the four cases now shown to contain anti-insulin substances 
in the serum globulin ours is the only one known to have hemochromatosis. 
Even though other elinical disorders have been observed associated with 
‘‘insulin resistanee,’’ no other mechanism has been revealed. In the other 
three eases showing globulin activity,» %'7 no known complication accom- 
panied the insulin resistance. 

Several causes for excessive production of gamma globulin with insulin- 
inhibiting properties are possible in our patient. 

1. The stimulus to erythropoiesis of the chronie loss of red eells by 
phlebotomy, or of the temporary loss of serum protein before separation and 
reinjection, may have set in motion homeostatic processes for synthesis of 
globulin in excessive amounts. Eggers and Zylman*®® have shown a 15 per 
cent transient increase in gamma globulin percentage two hours after with- 
drawal of 820 ml. whole blood from a professional blood donor. This man 
showed gamma globulin values of about twice normal after loss of 150 liters 
of blood during several years. Such a mechanism for production of insulin 
antagonism seems unlikely in our patient because the insulin resistance 
seemed to antedate bleeding. 

2. Serum gamma globulin is known to inerease in advancing hepatie dis- 
ease due to cirrhosis, along with constant or decreasing serum albumin. 
Olsen and Nuetzel?* demonstrated relative insulin-insensitivity in hepatic 
disease without diabetes or hemochromatosis. They did not determine serum 
globulins. Ordinary clinical experience suggests that diabetes with marked 
insulin resistance is not very frequent, even in advanced cirrhosis with hyper- 
globulinemia. Ours is the only ease among the four reported with anti-insulin 
activity in serum globulin in which known hepatie disease existed. 
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3. In some obscure manner, deposition of hemosiderin in the cells of the 
reticuloendothelial system could be responsible for excessive production of 
globulins. The evidence certainly indicates that immune globulins are 
formed there.2**" Cases of resistance without hemochromatosis cannot be ex- 
plained on that basis. Insulin resistance can be estimated as existing in only 
3 to 4 per cent of all cases of hemochromatosis. Even though glycosuria was 
observed in 78 per cent of Sheldon’s series*! and diabetes in 66 per cent of 
Kleckner’s,*? Marble** saw resistance to insulin in only one of 30 proved cases 
of hemochromatosis with diabetes. 

All of these concepts postulate excessive production of gamma globulin, 
some component of which antagonizes insulin. Even though other explana- 
tions are reasonable, also, the increased resistance to insulin seen regularly in 
infection is in harmony with the idea. It shorld be noted, however, that 
hyperglobulinemia with normal insulin sensitivity is common, and that in- 
sulin resistance can occur along with normal serum globulin concentrations. 
Hypergammaglobulinemia more striking than that shown by our patient can 
exist without diabetes, e.g., after gamma globulin administration and in recog- 
nized hypergammaglobulinemie states such as multiple myeloma, tuberculosis, 
and hepatie disease. Further studies of insulin sensitivity in such conditions 
might be rewarding. 


The absence of inhibiting activity in commercially prepared pooled normal 
gamma globulin was in sharp contrast to that shown by our patient’s seré 


containing less gamma globulin. This, together with the inactivity of normal 
serum, supports the concept of an abnormal inhibitor in the gamma globulin 
fraction of the resistant sera. 

4. Insulin acting as an antigen may have led to the production of a specific 
antibody, as in the experiments cited earlier in which immune sera were pro- 
duced in normal animals. It would be difficult to account for the gross varia- 
tions in gamma globulin concentration by such an hypothesis. Moreover, most 
known antibodies would not appear and disappear as rapidly as the inhibiting 
substance in the serum of our patient evidently did, both in relation to the 
changing dosages of insulin, as reflected by the serum sugar levels in Fig. 3, 
and as indicated by the rapid and sustained reduction in insulin requirement 
after corticotropin. Of course, the temporal relationships usually shown by 
antibodies may well have been altered by the large doses of antigen (insulin) 
used by this patient. 

In favor of a specific antibody hypothesis are the following: the inhibitor 
was contained in the gamma globulin, the customary location of serum anti- 
bodies; after corticotropin the extreme resistance to insulin disappeared much 
more rapidly than the gamma globulin concentration fell, suggesting that the 
major portion of the gamma globulin had little or no anti-insulin activity but 
that a small component affected by corticotropin did; it may be significant, 
also, that the serum complement was low before corticotropin and higher 
afterward. 
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In a subsequent report it will be shown by electrophoretic studies of re- 
sistant and other diabetic sera that added insulin migrates with the gamma 
globulin. Thus, physical combination of the two substances seems likely. 

The striking parallelism between the inhibition titers and sugar content 
ot the first seven sera assayed (2/10 to 2/28, Table III and Fie. 3) deserves 
comment. It could have been coincidental, of course, but the relationship was 
close and persistent. Since the serum sugar itself cannot be held responsible 
for the insulin-inhibiting properties shown, another explanation must be 
sought. 

It a quantitative antigen-antibody combination is postulated, with in- 
sulin as the antigen and a gamma globulin as the antibody, it is conceivable 
that the high serum sugar values are due to the presence of the antibody in 
such excess that all insulin given is combined and inactivated, leaving none 
free for reduction of blood sugar. Both inhibitor and sugar would then be 
high, the sugar a result of the antibody combining all available insulin. Con- 
versely, lower serum sugar values and inhibition titers might be caused by the 
administration of antigen (insulin) in amounts sufficient to combine all avail- 
able antibody but with enoagh insulin in excess to reduce sugar levels sub- 
stantially. A quantitative antigen-antibody titration process is thus postu- 
lated in which either insulin or its inhibitor is present in excess at any one 
time. The behavior of the serum complement is in accord with such a con- 
cept. Accordingly, antibody could not be demonstrated in large amounts 
unless insulin dosages were reduced to amounts which permitted marked 
hyperglycemia. Indeed, this was the case until late in the period of cortico- 
tropin administration and after it had been stopped, when the striking earlier 
correlation disappeared for unknown reasons. 

In our judgment the most logical pathogenetic reasons for the resistance 
of this patient to insulin and its response to corticotropin were as follows. 
Hemosiderin deposition in the liver and elsewhere led to abnormal production 
of gamma globulin by reticuloendothelial cells, as well as to cirrhosis. Re- 
peated bleeding may have contributed to the process. Gamma globulin thus 
formed contained an abnormal component capable of inhibiting insulin. This 
may have been a specific antibody which combined with insulin resulting in an 
increasing requirement to control the diabetes. Although the amounts of 
insulin used initially were not unusually large, inactivation of part of it by 
antibody made it necessary to give an excess to reduce the blood sugar. Free 
antigen then was presented repeatedly to the reticuloendothelial system, lead- 
ing in turn to the production of larger amounts of antibody. Thus an an- 
amnestie cycle is postulated, initiated by hemosiderin and maintained by in- 
creasing amounts of insulin (antigen) and antibody. The antigen-antibody 
combination may have increased gamma globulin production further. 

Without attempting a detailed analysis of the effect of steroid hormones 
on antibody responses, it seems safe to say that they do not interfere with the 
union of antigen and antibody but rather that they act to suppress the re- 
action of the tissues to the presence of these substances in a combined 
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state.**°* It has been shown that adrenal steroids may inhibit synthesis of 
antibody following specific sensitization®” °** and interfere with the anamnestic 
production of antibodies*® but that they do not alter the rate of disappearance 
of passively administered antibody.*° 

In our patient, then, the adrenal response to corticotropin may have 
diminished the insulin requirement by one or both of two mechanisms: (1) 
by interfering with excessive production of gamma globulin, and (2) by block- 
ing the anamnestic production of a specific insulin antibody. 

Finally, and still in speculation, the antigen-antibody combination postu- 
lated in this patient could be an exaggerated form of a similar mechanism in 
diabetes with normal sensitivity to insulin. We have developed methods of 
testing this hypothesis and intend to pursue the idea further. 


SUMMARY AND CONCLUSIONS 


1. A seven-month study of a man with fatal hemochromatosis and severe, 
labile diabetes mellitus is reported. There was extreme resistance to insulin, 
with the requirement increasing progressively to 11,400 units daily. This was 
associated with hypergammaglobulinemia. Both phenomena were reduced 
almost to normal by corticotropin administration. 

2. Seventeen serial blood sera, obtained at intervals before and after 
corticotropin, were studied biologically and electrophoretically. When mixed 
with convulsive and/or lethal doses of insulin and injected into mice they 
showed marked insulin-inhibiting properties while the resistance of the patient 
and gamma globulin values were high. On reversal of these conditions the 
insulin-inhibiting titers of the sera decreased concurrently and correspond- 
ingly. 

3. Gamma globulin fractions showed insulin-inhibiting titers comparable 
to those of the sera from which they were prepared. Other protein fractions 
and serum sugar showed no similar activity. 

4. The insulin-inhibitor was nondialyzable and stable at refrigerator 
temperatures. 

5. It is concluded that the serum gamma globulin of this patient contained 
an unknown substance which inhibited insulin effect up to the point of ex- 
cessive dosage. Inhibition semed to occur whether the anti-insulin substance 
was supplied in vitro or in vivo. 

6. Similar phenomena have been seen (in part) and similar interpretations 
are possible in three other reported insulin-resistant patients. Others have 
not been studied by these methods. 

7. The suggestion is offered that a fundamental mechanism might be re- 
vealed by further study of phenomena such as these. Resistance to insulin in 
this form might be merely an exaggerated form of a much less readily ap- 
parent but similar mechanism in diabetes with normal sensitivity to insulin. 
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ELECTROPHORETIC ANALYSIS OF SERA FROM A PATIENT WITH 
HEMOCHROMATOSIS AND DIABETES RESISTANT TO INSULIN 
Virait L. Koenig, Po.D, R. W. Weicer, M.D., ANp RAYMOND SowInsk1, PH.D. 
Cricaco, IL. 


NUMBER of observations have been reported on the electrophoretic prop- 
A erties of plasmas and sera from patients suffering from various liver dis- 
eases. In general these have shown that in cirrhosis of the liver, the y-globulin 
is inereased, the albumin is decreased, B-globulin is normal or below normal, 
and a-globulin below normal.*\? Rafsky and co-workers* have reported that in 
acute hepatitis the y-globulins are elevated. Franklin and co-workers* have re- 
ported that in most liver diseases, the fibrinogen is elevated, the y-globulin is 
elevated, and the albumin is depressed. In studying regenerating and _ pre- 
neoplastic livers in the rat, De Lamirande and Cantero’® found that there was 
a decrease in albumin, an increase in y-globulin, and variation of the a-B-glob- 
ulins in regeneration. Hanada® found that in liver impairment, the fibrinogen 
was increased, y-globulin increased, B-globulin increased, albumin decreased, 
and a-globulin was usually normal but markedly reduced in chronic eases. 

Observations have also been made on the plasmas and sera from patients 
suffering from diabetes. Lewis and co-workers,’ in one of the early electro- 
phoretic studies, observed that in severe uncomplicated diabetic acidosis there 
was a low albumin and a high B-globulin value. After treatment and main- 
tenance of good nutrition for months, the findings became normal. Scheurlen® 
observed that in uncomplicated diabetes, the a.-globulin was twice normal, 


B-globulin was slightly inereased, y-globulin and albumin reduced slightly, and 


total protein increased. These abnormal values were reversed with corrective 
treatment. 

It has been found, moreover, that blood sera from certain diabetie patients 
who require excessively large amounts of insulin for control of their diabetes 
may possess insulin inhibiting or neutralizing activity. This inhibiting activity 
has been attributed to an insulin antbody®""; Sehon and co-workers’? have re- 
cently observed that the insulin-inhibiting activity is associated with the y-glob- 
ulin fraction of the insulin-resistant serum. Somewhat earlier, DeFilippis and 
Tannaccone'* observed that the insulin-inhibiting activity of the serum of an 
insulin-resistant patient was associated with the y-globulins. The electro- 
phoretic analysis of the patient’s serum was albumin 50 per cent, e-globulin 
9 per cent, B-globulin 17 per cent, and y-globulins 24 per cent. Loveless and 
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Cann" in fractionating serum from an insulin-allergie patient by electrophoresis 
convection concluded that reaginie activity was associated with the B-globulins. 
This patient was not insulin resistant. Moloney and Coval'® have produced 
insulin antibodies in the guinea pig and sheep by repeated injections of insulin 
prepared from other animals. These various insulins were neutralized by the 
antisera. Endogenous guinea pig and sheep insulins were not neutralized by 
homologous antibodies. Two types of guinea pig insulin were prepared which 
were immunologically distinct. One type, classed as altered, was neutralized 
by immune guinea pig serum. The other, like endogenous guinea pig insulin, 
was not neutralized. The sheep insulins tested, which included one commercial 
preparation, were neutralized by immune sheep serum and therefore may be 
classed as altered. 

The work to be reported in this paper deals with the electrophoretic analysis 


of a series of serum samples taken from a patient suffering from hemochromato- 
sis with diabetes which had an unusually high insulin requirement to be kept 
under control, i.e., up to 11,400 units per day. The serum samples were taken 
at intervals during the patient’s sojourn in the hospital before and after ad- 
ministration of adrenocorticotropie hormone (ACTH). Details of the clinical 


course of the patient’s disease and its therapy, including reports on the pro- 
tective effect of various sera against insulin are reported in a separate com- 
muniecation.'® 

METHODS 


For the moving boundary electrophoretic work, the Spinco Model H_ eilectrophoresis- 
diffusion apparatus was used. The serum was diluted one to four with Veronal buffer, pH 
8.6, ionic strength (I'/2 0.1, placed in a Visking casing, and put to dialyze for approzimately 
15 hours against the same buffer in the refrigerator at 5° to 10° C. During the course of 
study, thirteen serum and two plasma samples were analyzed. The specific conductivity of 
the buffer was 0.00305 to 0.00310 mho. per centimeter. Before the making of the determina- 
tion, the protein concentration was checked by measuring the index of refraction. Elee- 
trolysis of the protein solutions was allowed to proceed usually for approximately 200 minutes 
with a potential gradient of about 7.0 volts per centimeter. The interpretation of the tracings 
and the data were essentially that used previously.17 

Fifteen serum samples and one plasma sample were analyzed by means of paper electro- 
phoresis. The Spinco Model R (Durrum-type cell) paper electrophoresis apparatus was 
used. Whatman 3 mm. filter paper, 3 em, by 30 em., was used for the strips. Veronal buffer, 
pH 8.6, 1/2 0.075 was used. To the buffer-soaked strip, 0.01 ml. serum was applied. <A 
constant current of 5 Ma. was used for 8 strips simultaneously for 16 hours. The room 
temperature during these experiments varied from 25 to 28° C. Following electrolysis, the 
strips were oven-fix-dried at 120° C. for 30 minutes. After drying, the strips were stained 
for six hours in a solution consisting of 0.10 Gm. brophenol blue and 50 Gm. ZnSO,.7H,O 
made to one liter with 5 per cent acetic acid. The strips were then rinsed in two separate 
baths of 5 per cent acetic acid at 20° C. for 6 minutes each. After rinsing, the strips were 
fixed for 6 minutes in a solution containing 3.0 Gm. sodium acetate (8H,O) made up to one 
liter with 5 per cent acetic acid. The strips were then dried in an oven at 120° C. for 20 
minutes. The strips were interpreted with the Spinco Analytrol recording scanner and in- 
iegrator, provided with a correcting cam to compensate for the nonlinearity of albumin 
bromphenol blue uptake as compared to the globulins. 


Total proteins were determined by the micro-Kjeldahl method. 
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RESULTS 
The apparent distributions of the plasma protein components as separated 
by moving boundary electrophoresis in the Veronal buffer at various stages of 
observation and treatment of the patient are listed in Table I. The mobilities, 


ASCENDING DESCENDING 





3/30/55 FOST-ACTH ADMINISTRATION 


Fig. 1.—Electrophoretic diagrams at various stages of ACTH treatment. 


in, are ealeulated from the descending boundaries while the percentage con- 
centrations, %, are given as the average of the ascending and descending boun- 
daries. Standard deviations, o, for the mobilities are also listed in the table. 
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The insulin requirement and the ACTH dosage are listed for each day that a 
blood sample was studied electrophoretically. On February 21, the insulin 
requirement was 11,400 units and on February 22, it was 11,300 units. In 
addition to that listed in Table I, it should be stated that 40 units ACTH were 
given each day on February 20, 26, and 27, and 80 units ACTH on February 
21 to 24. ACTH administration was discontinued March 10. Typical electro- 
phoretie patterns of the serum at selected stages of treatment are given in Fig. ] 
The A/G ratios are also listed for each electrophoretic determination. 

The paper electrophoretic data are summarized in Table II. Each set of 
values represents the average of from two to seven separate determinations. 
Standard deviations, o, are listed for three sets of the determinations to illus- 
trate the general accuracy of the method. Standard deviations are given for 
the normal values as well. Total proteins are also listed in Table IT. 


TABLE II. PAPER ELECTROPHORETIC DISTRIBUTION OF SERUM PROTEINS 








| TOTAL 
|NO. OF |PROTEIN| ALBUMIN | a avoputaN @,-GLOBULIN | B-GLOBULIN | FIBRINOGEN | Y-GLOBULIN 
|RUNS| IN%® | (%) | (%) (%) (%) (%) (%) 
18 33.1 5. 6.: 11.1 ol oa 
m bs§ 36.3 5 4 11.0 
36 SH Jee 10.9 
00 30.0 112 
21 27.2 
3.99 31.5 
30.6 
1.6 
30.8 
3 
41.1 
43.9 
42.9 
43.3 
35.6 
5 es | 
31.6 
23.0 
U2 
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DISCUSSION 


It would appear from the data that the high insulin requirement was . 
accompanied by a high y-globulin content of the serum. This increase in y-glob- 
ulin has led to the belief that insulin inhibitory substance or antibody is formed. 
This inhibitory substance was found to be present in the y-globulin fraction." 
Upon treatment with ACTH, the requirement for insulin declined and also the 

-globulin content of the serum declined. The decline in insulin resistance was 
taken to be reflected,in the decrease in y-globulin. The patient developed 

terminal E. coli infection, whereupon ACTH administration was discontinued. 
At the time of death, the y-globulin content had again increased as had appar- 
ently the insulin requirement, but nowhere near the pre-ACTH level. Toward 
the end of the series, there seemed to be an elevation of the a-globulins and the 
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B-globulins. The elevation seemed to parallel the decrease in y-globulin in part; 
however the final sample shows an elevation in all the globulins. The A/G 
ratios reflect the change in y-globulin in all instances. The values obtained by 
paper electrophoresis agree very well with those obtained by moving boundary 
electrophoresis. This agreement has been observed by other workers.’® *° 

Diabetes treated with commercial insulin is rarely accompanied by the 
development of a progressive increase in insulin requirement to control the 
diabetes. It would appear to be exceptional when insulin inhibiting antibodies 
tend to develop to a high degree. Ordinarily, diabetes does not manifest it- 
self in an elevated y-globulin level of the plasma. Liver diseases on the other 
hand do manifest themselves with elevated y-globulin in the plasma. It is evi- 
dent that ACTH is able to diminish the content of the y-globulin in some way 
and thus diminish the insulin inhibiting activity of the serum. Just what the 
mechanism is, is hard to elucidate. Although ACTH administration produced 
a decrease in y-globulin content, the values never approached normal values as 
recorded by Armstrong and associates,'® namely, albumin 55.2 per cent, total 
a-globulins 14.0 per cent, B-globulins 13.4 per cent, y-globulins 11.0 per cent, 
fibrinogen 6.5 per cent, and a,-globulins 5.3 per cent. The production of al- 
hbumin from the globulins by the liver, as suggested by Ewerbeck,?! may be 
blocked in this ease of hemochromatosis, thus in part accounting for the high 
y-globulin and the lower albumin content. 


SUMMARY 


The serum of a patient suffering from insulin-resistant diabetes and hemo- 
chromatosis has been analyzed electrophoretically by the moving-boundary and 
the paper techniques. The abnormally high insulin requirement of the patient 
accompanied by a high y-globulin content of the serum suggested insulin in- 
hibiting antibody formation. The y-globulin content and the insulin require- 
ment were decreased with ACTH treatment. 


Acknowledgment is made to Mrs. Ann Perry for technical assistance and to Professor 
A. R. Colwell for making the serum samples available. 
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HXPIRED ALVEOLAR CARBON DIOXIDE TENSION IN HEALTH AND 
IN PULMONARY EMPHYSEMA 
SicgurD E. Sivertson, M.D.,* ANp Warp S. Fow er, M.D. 
RocHESTER, MINN. 


9 IS well recognized that the composition of alveolar gas may vary both with 
time during the respiratory cycle and also with location in different alveoli. 
These variations, particularly in pulmonary disease, have caused virtual 
abandonment of attempts at direct alveolar sampling and have led to develop- 
ment of systems of analysis of total expired air and arterial blood. With the 
recent availability of an infrared meter suitable for the rapid and continuous 
analysis of CO, and more detailed theoretical treatments of alveolar CO, 
tension,” * it seemed advisable to reinvestigate certain characteristics of CO, 
tension of expired gases, both in healthy persons and in persons with chronic 
pulmonary disease. Previous uncertainties about the identification of expired 
alveolar gas have been partially clarified. The interpretation of the differ- 
ences of expired CO, tension between normal subjects and patients with pul- 
monary emphysema is discussed. 


METHODS 


CO, tension (pCO.) of gases passing to and from the mouth was measured with a 
continuous-analysis infrared meter.t The sampling tube of the meter, through which the 
subject breathed, has an internal volume of 65 ml., a central detector space of about 1 ml., 
and a flow resistance of 7 mm. H.O per 100 L. per minute. A warm-up period of 24% hours 
provided sufticient stability of sensitivity. Calibration with dry gas mixtures of CO, in 
air, analyzed by Haldane apparatus, was done before and after each test. Although it 
did not affect these studies, a significantly smaller output was noted with similar mixtures 
of CO, in oxygen. The sensitivity of the meter to 40 mm. of mercury water vapor was 
initially undetectable, and after one vear it was equivalent to less than 1 mm. of mercury 
pCO, A small degree of “flow sensitivity’ was observed, equivalent to an apparent in- 
crease of pCO, of about 0.5 mm. of mercury on increasing flow of a dry gas mixture from 
15 L. per minute to 65 L. per minute. Changes of pCO, of 0.5 mm. of mercury or less can 
he detected, and over-all accuracy of values below is considered to be + 1 mm. of mercury. 

The distal end of the sampling tube of the CO, meter was connected via a four-way 
valve (15 ml. dead space) to a valved, closed-circuit spirometer with a CO, absorber in the 
expiratory line. Prior to rebreathing periods, which did not exceed 60 seconds, the spirom- 
eter was rinsed and filled with about 10 liters of room air. All volumes are BTPS, 


and tidal volumes, used to measure minute volume in Table I, represent inspired volume. 


? 
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TABLE I. CHARACTERISTICS OF SEVERAL TYPES OF BREATHING. 


SIVERTSON AND FOWLER 


J. Lab. & Clin. Med. 


June, 1956 


CO, TENSIONS ARE MAXIMAL 
VALUES FOR ANY SINGLE EXPIRATION 











NORMAL 


EMPHYSEMA 





RESTING pco, < 46 MM. |RESTING pco, > 46 MM, 





MEAN 


NO. 


| MEAN | 


RANGE 


NO. | MEAN | RANGE _ 





Rest 

Tidal volume (ml.) 
Minute volume (L./min.) 
Frequency (resp./min. ) 
Maximal pCO, (mm. Hg) 
Maximal expiration 
Volume (ml.) 

Duration (sec. ) 

Maximal pCO, (mm. Hg’) 


Hyperventilation 

pCO, before HV (mm. 
Hg) 

Duration (sec. ) 

Tidal volume (ml. ) 

Minute volume (L./min. 

Frequency (resp./min. ) 

Maximal pCO, (last 3 
breaths ) 


Maximal expiration after 


Volume (ml.) 
Duration (sec. ) 
Maximal pCO, (mm. Hg) 


Breathholding 
pCO, before (mm. Hg) 
Duration BH (sec.) 


Maximal expiration after 


BH volume (ml.) 
Duration (sec. ) 
Maximal pCO, (mm. Hg) 


RV/TC (per cent) 


Maximal breathing capa- 


city (L./min.) 
Maximal breathing ca- 
pacity (per cent of 
predicted ) 
Arterial O. saturation at 
rest (per cent) 


680 
9.9 
15 
40.2 
2,270 
4.7 
43.3 


1,300-3,100 
1.9-10 
39-50 


36-46 
17-51 
1,000-5,500 
30-109 
8-36 


19-34 


1,700-6,000 
1.5-7.9 
29-35 


36-44 
15-34 


1,400-3,200 
1.9-5.0 
42-52 





16 


695 
12.3 
19 
33.6 


1,730 
8.0 


450-1,180 
7.1-25 
10-31 
23-41 


1,3800-2,300 
5.3-11.2 
29-50 


25-41 
16-43 
500-2,000 
13-44 
12-35 


21-34 
940-2,900 


3.0-10 
29-49 


-40) 
-28 
2,700 
2-10.6 
-59 
38-70 


7-5] 


22-84 


90-98 


4 
457 
10.0 
23 


55 


942 
6.9 
65 


49 


1,100 
6.8 


62 
56 
16 
870 


5.5 
66 


64 


50-61 


830-1,160 
5.7-8.2 
61-70 


47-62 
18-37 
440-700 


For 10 normal subjects and 12 patients with pulmonary emphysema, the output of 


the CO, meter was recorded with an Ksterline-Angus recorder with a response time of 0.2 


second and paper speed of 5 mm. per second, and spirometer volume was recorded by an 


ink-writer at a drum speed of 8 mm. per second. 


Simuitaneous points on the separate 


records of volume and CO, concentrations were identified from the start of an inspiration. 


For eight other healthy subjects and eight other patients with emphysema, both CO, ten- 


sion and spirometer volume were recorded with oscillograph galvanometers (n.f. 40 ¢.p.s.) 


on a photokymograph at a paper speed of 25 mm. per second. 


capable of 90 per cent response in 0.05 second. 


recording systems. 


The CO, detector system is 
Table I includes values measured with both 


Table IT includes values recorded in both normal subjects and patients 


with the photokymograph and selected records from patients in which maximal expirations 


were sufficiently prolonged that the rate of change of CO, tension could be determined 


with the slower ink-writing recorders. 





6 MM, 
NGE 
-560 
-11.2 
-30 
)-61 
}-1,160 


8.2 
-70 
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Number 6 


SUBJECTS AND PROCEDURE 

Healthy subjects included 15 men and three women, 20 to 50 years of age. 
Kighteen patients, 38 to 72 years of age, with varying degrees of pulmonary 
emphysema, were studied; the group included three women. The diagnosis 
was made by members of one of the Sections of Medicine, and was based on 
history, physical, and roentgenologic examination and pulmonary function 
tests, some of which are listed in Table I. Additional diagnoses in various 
patients included chronic asthmatic bronchitis, polycythemia, and cor pul- 
monale. 

Subjects were nonbasal but sat in a chair for 5 minutes. Then, with nose 
clipped they breathed room air through a mouthpiece attached to the sampling 
tube and four-way valve for 5 minutes. Then the spirometer was connected, 
and CO. and tidal volume were recorded for 45 to 60 seconds (ink-writer) in 
10 normal subjects and 12 patients or for 15 seconds (photokymograph) in 
eight normal persons and eight patients, followed in all by a forced maximal 
expiration from normal end-inspiration. Then after 5 minutes at rest, record- 
ings were made before and during a 30-second period of voluntary hyper- 
ventilation terminated by a forced maximal expiration. CO, only was recorded 
(ink-writer) while the subjects breathed room air for several minutes after 
hyperventilation. For hyperventilation, subjects were instructed to take about 
10 deep breaths in 30 seconds. After expired CO, tension had returned to 
previous levels, recordings were made for several natural breaths and for a 


foreed maximal expiration following breathholding at end-normal inspiratory 
level. The period of breathholding for normal subjects was intended to be 
20 to 30 seconds and for patients up to 25 seconds as tolerated. For six each 
of the normal persons and patients listed in Table II the order of procedure 
was altered in that breathholding preceded hyperventilation. 


RESULTS 

Data which represent a single value of pCO, for a single expiration are 
listed in Table I and are the maximal pCO, recorded. For patients this cor- 
responds to the last gas expired or end-tidal value. In some records of some 
normal subjects, irregularities of expired pCO, were such that maximal 
values were observed prior to the end of expiratory flow. 

Normal subjects, breathing room air at rest, showed small variations in 
maximal expired pCO, from breath to breath. The largest differences over 
a 45- to 60-second period varied in 10 subjects from 1.5 to 3.5 mm. of mercury. 
The mean of average maximal values for each subject was 40.2 mm. of mer- 
cury. With forced expiration, greater maximal values were always observed, 
averaging 43.3 mm. of mereury. With hyperventilation, maximal expired 
pCO. decreased progressively for the first three or four breaths and then de- 
creased little for the succeeding several breaths. The mean value for the 
average pCO, of the last three exprations was 25.8 mm. of mercury. On the 
succeeding maximal expiration, slightly greater maximal values were ob- 
served, averaging 28.3 mm. of mercury. After hyperventilation, expired pCO, 
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required one to several minutes to return to prehyperventilation levels. After 
breathholding, for an average of 24 seconds, the mean value of expired pCO, 
was 47.4 mm. of mercury. Both hyperventilation and breathholding altered 
the rate at which pCO, increased during the later parts of each expiration. 
These changes within each expiration, which will be described below, indicate 
the utility of listing duration and volume in Table I. 


In Table I are listed values for 16 patients with values of resting end- 
tidal pCO, less than 46 mm. (a level exceeded by no normal subject) and four 
patients with values 50 mm. or greater. The average for the first group was 
33.6 mm. and values for 10 of the 16 patients were 35 mm. or less. In patients 
the breath-to-breath variation was greater than with normal subjects, ranging 
in different patients from 1.5 to 9 mm. during a minute, and was associated 
with variations in rate and volume of inspiration or expiration, or both. With 
forced expiration, an increase of pCO, of about 10 mm. was observed, reaching 
average values of 42 and 65 mm. in the two groups. During hyperventilation, 
patients achieved smaller minute volumes than the normal subjects. Although 
end-tidal values were reduced several millimeters during hyperventilation, the 
maximal pCO, of the succeeding forced expiration in all cases equaled or 
exceeded the resting end-tidal value and was only a few millimeters less than 
the pCO, of maximal expiration following natural breathing. After hyper- 
ventilation, expired pCO, returned to previous resting levels within two to six 
breaths. Eleven patients of the first group held their breath for 15 or more 
seconds. The average value of pCO, of the following expiration was 48 mm., 
and only one value exceeded 52 mm. 

The mean values for maximal breathing capacity and residual volume, 
total capacity ratio (Table I) indicate that both groups of patients represent 
cases of marked emphysema. The group with low values of end-tidal pCO, 
was less hypoxemie at rest than the hypercapnic patients. 


Changes of pCO, Within an Expiration—The methods and results of 
analyzing the changes of expired pCO, within the course of a single expiration 
require explanation. Fig. 1 illustrates typical recordings of quiet breathing by 
a healthy subject followed by maximal expiration and also the last three of 
seven deep breaths terminating in maximal expiration. After expiration of 
several hundred milliliters, the CO, concentrstion becomes relatively constant 
and forms the so-called alveolar plateau. The upward slope of the plateau is 
small at rest, increases during hyperventilation, and decreases toward the end 
of both forced expirations. After about 20 seconds of breathholding at end- 
normal-inspiration following quiet breathing, the plateau is horizontal. This 
is not illustrated for a normal subject but appears like the 16-second breathhold- 
ing record of Fig. 2, which is a similar recording by a patient with emphysema 
during breathing at rest, hyperventilation and after two different periods of 
breathholding. Here the slope of the plateau is large both at rest and during 
hyperventilation but progressively decreases after breathholding. 

In the subsequent discussion, symbols will be identified when first used, and 
p will denote pCO, when other subscripts are used. 
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Fig. 1.—Normal subject. Photokymographic recordings of respiratory volume and CO: 
tensions near the mouth. Records read left to right. Upper record is two normal breaths 
followed by maximal expiration. Lower record shows last three of seven deep breaths and 
terminal maximal expiration. 
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Fig. 2.—Patient with pulmonary emphysema. Photokymographic recordings of respira- 
tory volume and COz tensions near the mouth. Upper left shows normal and maximal ex- 
pirations. Lower left shows last two breaths of 25-second period of hyperventilation and 
terminal maximal expiration. Records on right show maximal expirations after two periods 
of breathholding at end-normal inspiratory level. 

























874 SIVERTSON AND FOWLER J. Lab. & Clin. Med. 


June, 1956 





Theoretical derivations concerning the rate of change of alveolar pCO, 
have been presented by DuBois and associates* and by Chilton and Staey.' 
DuBois’ expression for the rate of increase of alveolar pCO. when lung volume 
is constant, as with breathholding, is: 
dpA — (pV-pA) (diss. slope) (Q) (B-47) 





dt ELV (1) 
where pA = alveolar pCO, 
pv = oxygenated mixed venous pCO, 
diss. slope = mean slope of dissociation curve for CO. and oxygenated whole 
blood, about 0.46 volume per cent per millimeter of mercury 


Q = rate of alveolar blood flow 

B = barometric pressure, millimeters of mereury (about 730 in Rochester, 
Minn. ) 

ELV = Equivalent lung volume = volume of alveolar gas plus an inerement 


denoting the CO, eapacity of capillary blood and pulmonary tissue. 
The integrated form is: 


pA = pv — (pv — pA,) e * (2) 
where pA, is the value of pA at zero time 

(diss. slope) (Q) (B - 47) 

per ELV 








The form of this expression is shown by curve | of Fig. 5A. 


When lung volume is decreasing at a constant rate, as may be taken to 
represent expiration, the denominator is altered: 
dpA — (pv — pA) (diss. slope) (Q) (B-47) (3) 
dt ELV, — Vt 


where ELV, is the initial equivalent lung volume and 






V is the rate of expiratory flow. 


The integrated form of equation 3 is printed incorrectly in the original artiele. 
With the coneurrence of Dr. DuBois, the correct solution, which Dr. Peter 
Hetzel kindly obtained, is 


pA = pv —- (pv — pA,) (ee) 








(4) 


where w = &X diss. slope x (B-47) 
y 
An example of the form of this expression is shown as curve 2 in Fig. 3A. 
These equations state that during breathholding or expiration, the rate at 
which pA increases toward the mixed venous tension depends on (1) the 
magnitude of the tension gradient and (2) the ratio of blood flow to effective 
alveolar gas volume. If mixed venous tension, oxygenated, is known and is 
constant and pA is known as a function of time, it is possible to determine the 
rate of approach and to solve for the rate of blood flow per liter of equivalent 
lung volume. 
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Results in Normal Persons.—The records of normal subjects were measured 
and the results are listed in Table II. On the records of quiet breathing prior 
to forced expiration, a straight line was drawn on the plateau that traversed 
the point occurring at end-expiration and which was a visual best fit of the 
mean plateau slope. The plateaus of five subjects were almost linear with 
time and those of three subjects showed periodic variations of less than 1 mm. 
of mereury. The point at which the rising S-shaped part of the recording first 
met the straight line was designated as the initial pA. The mean rate of 
change of pCO, of the plateau was determined from the differences in time and 
CO, tension between this and the end-expiration value, on two representative 
and suecessive breaths. An average value of 1.0 mm. of mercury per second 
(0.5 to 1.9 mm. per second) was observed (Table IT). 


THEORETICAL EXPERIMENTAL 


BF 
Curve Blood Flow Lung Vol. AN @ Forced Expiration—Normal 


| Constant Const. Const. x St Hyperventilation-Expiration 

Decr, Decr, Const, o 8th Hyperventilation—Forced Expiration 
2 Const. Decr. Incr. 

30-- 





Numbers=Liters Expired 


| 1 
0 1 2 
Seconds Seconds 


Kig. 3.—Changes of expired alveolar CO2z tension. A, Illustrates form of two theoretical pos- 
sibilities. B, Illustrates typical experimental findings. See text. 














After breathholding for 15 to 28 seconds (average: 20 see.), the alveolar 
plateau of maximal expiration was essentially horizontal and no changes were 
observed greater than could be attributed to decreasing flow through the 
meter late in expiration (about 0.5 mm. of mereury). The value recorded was 
an average of 7.6 mm. of mereury (5.5 to 9.2) greater than the initial pA 
noted above and was considered to represent the oxygenated mixed venous 
tension. The percentage change of pV — pA for normal expirations, about —15 
per cent per second, was calculated as the ratio of mean rate to initial value 
of pv — pA; this is permissible if the mean rate is determined from a short 
interval of time. Thus, during normal expiration the venous-alveolar gradient 
appeared to be decreasing at about 15 per cent per second (7 per cent to 21 
per cent), corresponding (by substitution in equation 1) to an average value 
of 2.3 liters blood flow per minute per liter of lung volume. 
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Thirteen records of maximal expirations following natural breathing, as 
illustrated in Fig. 1, were obtained from eight healthy subjects. When these 
and the immediately preceding natural expirations were plotted as pCO, 
versus expired volume, they were found to practically superimpose. With 
maximal expiration pCO. increased approximately linearly with volume after 
300 to 700 ml. of gas had been expired, although on the majority of records 
the plateau showed small (+ 0.5 mm. of mereury) variations. Six or more 
points were measured on each record and the logarithm of the difference be- 
tween the mixed venous tension and the individual tension was plotted against 
the time from the onset of expiration, as is illustrated in Fig. 3B. Two subjects 
showed irregular plateaus, one of which showed an apparent decrease of 1 mm. 
pCO. at about 2,000 ml. expired volume, succeeded by a subsequent increase of 
3.5 mm. pCO,. In Fig. 3B, the ordinate is p¥ — pE, where pE denotes expired 
tension. How to identify the completion of washing-out of the dead space, so 
that subsequently pE = pA, will be discussed below. 


In the other 11 records of six subjects after 500 to 700 ml. had been ex- 
pired, the rate of decrease (per cent per second) of the difference, pV — pE, be- 
came essentially constant for the period of about one second during which about 
800 ml. (500 to 1,300 ml.) was expired, as is shown by the linearity of points in 
Nig. 3B. Gas expired during this period is listed in Table II as early alveolar 
gas. The initial gradient (Table II) represents the value at about 500 to 700 
ml. when the percentage rate of change first became constant, and had an 
average value of 7.1 mm. of mercury. It decreased about 24 per cent per 
second. In 10 of 11 records (five of six subjects), the percentage rate of change 
became less during the period of about two seconds during which the final 
several hundred milliliters was expired, as illustrated by the more horizontal 
course of the last several points of Fig. 3B. The average value of the gradient 
at the time the decrease of rate began (initial gradient for late alveolar gas in 
Table II) was 5.4 mm. of mercury, but little or no further increase of pE was 
observed. There was in fact an apparent average decrease of pH, but this did 
not exceed 1 mm. of mercury in any ease and may represent analytic error. 

Similar analyses were made for expirations following hyperventilation. 
Six subjects hyperventilated for 25 to 35 seconds, with tidal volumes of 1,100 
to 2,900 ml., and terminated the period with maximal expiration, of which the 
maximal pE had an average value of 29.7 mm. of mereury. Semilogarithmie 
plots were made for the first and last cyclic expiration and the terminal maxi- 
mal expiration also. Two other subjeets, immediately after the postbreath- 
holding expiration, made a single near-maximal inspiration and expiration and 
the latter expiration was plotted semilogarithmically. In all cases it was 
found that after expiration of 500 to 700 ml., the rate (per cent per second) of 
decrease of the gradient became constant (+ 0.5 mm. of mereury). The re- 
duction of plateau tensions by hyperventilation made the numerical values 
(millimeters of mereury) of the gradient and its rate of change (millimeters 
of mercury per second) much larger. Fig. 3B illustrates that the gradient 
progressively increased on successive expirations but that the percentage rate 
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of decrease remained similar (parallel slopes). During eyelie hyperventilation 
only a single rate of decrease was shown by four subjects. Two subjects, 
whose tidal volume exceeded 2,700 ml., showed a decreased percentage rate 
during exhalation of about the last 700 ml. With the terminal maximal expira- 
tion all subjects showed the late decrease of rate (Table II). 


RESULTS IN EMPHYSEMA 


In patients with emphysema, the ‘‘plateau’’ at rest appeared curved but 
was adequately defined only for the eight patients with photokymographic 
recording (Fig. 2). The problem, resulting from the curvature, of where to 
select an initial value to represent pA was met as follows. Four of the eight 
patients were able to hold their breath for 16 to 28 seconds, after which time 
the plateaus were essentially horizontal, although an increase of 1 mm. of 
mercury later in expiration occurred with two patients with periods of breath- 
holding less than 20 seconds. The maximal values were considered to represent pV 
thus permitting the semilogarithmic plot of p¥Y — pE for maximal expirations. 
The expired volume at which the percentage rate of decrease of pV — pE first 
became constant was noted, and the initial value of pA during quiet expiration 
was measured at this volume. The mean rate of increase of pE of about the 
last 200 ml. of normal expiration (Table Il) had an average value of 6.6 mm. 
of mereury per second (5.2 to 7.5 mm. per second). The initial gradient was 
proportionately less increased, averaging 16 mm. of mereury. This resulted 
in the large value of 7.2 L./min./L. for the caleulated ratio of blood flow/lung 
volume. Satisfactory breathholding measurements were not obtained from 
four other patients, but they also showed the large numerical rate of increase 
of pE of the terminal volume during normal breathing. During expiration of 
at least 100 ml. preceded by at least 300 ml., the average rate of increase of 
pE was 7.2 mm. of mereury per second over 0.7 second. 

With maximal expiration, graphs of pE versus expired volume usually did 
not show a linear plateau, but the initially large slope decreased progressively. 
Maximal expirations were sufficiently prolonged that the ink-writer recordings 
of eight other patients could be used as well as photokymographie records of 
four patients (Table IJ). The semilogarithmic plots of pV — pE showed a 
period of constant percentage rate of decrease, averaging —25 per cent per 
second, which was followed by a period with a rate of -12 per cent per 
second. Similar results were obtained for maximal expirations following 
hyperventilation. The principal differences from the normal values were the 
large values of the initial gradients and the prolonged duration and smaller 
volumes of maximal expiration. Otherwise the semilogarithmic plots ap- 
peared like either of the normal maximal expiration curves of Fig. 3B but at 
intermediate values of the gradient. With hyperventilation, the 12 patients 
listed in Table II increased minute volume by an average of 100 per cent and also 
increased the gradients by several millimeters. 


COMMENT 


Identification of Alveolar Gas.—For interpretation of either normal or ab- 
normal records, one must first decide when the increasing pCO, of expired gases, 
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pE, ceases to be the result of a decreasing amount of dilution by air from the 
dead space and becomes representative of the tension of expired alveolar gas, 
pAK. Additional problems arise concerning the relationships of tensions of 
expired alveolar gas, pAE, to tensions of intrapulmonary alveolar gas, where 
pA refers to any alveolus and pA denotes the mean alveolar value. 

During expiration, the emerging gases would be expected to consist of a 
mixture of gases from the dead space and alveoli, with the proportion of alveolar 
gases approaching 100 per cent as sufficient volume was expired. The distine- 
tion between dead space and alveolar gas is based largely on the rate at which 
they exchange with the blood. Thus it is appropriate to attempt to identify the 
appearance of pure alveolar gas by means of the rate of exchange. For gas in 
the anatomic dead space the rate is very small relative to that of alveolar spaces. 
The rate of alveolar exchange during periods with no inspiratory ventilation de- 
pends on the physiologic factors of equation 1. Let us assume that alveolar gas 
maintains its composition during passage, with a constant delay time, from 
alveolus to sampling site. Then the observed rate of change of pAE would equal 
that of pA and be determined by pV — pA and by Q/ELV. 

We shall consider that for present purposes pV is adequately defined by the 
experimental finding of expired plateau tensions that vary less than 0.5 mm. 
of mereury during an expiration of a liter or more during several seconds, 
following about 20 seconds of breathholding at end-normal-inspiration. At rest, 
a few seconds of systemic recirculation would probably cause only a small in- 
crease of pV, depending on the relationship between the rate of CO. production 
by the tissues and the dissociation slope and magnitude of the body pools of COs. 
Underestimates of pV could result from failure of pA of previously hyperventi- 
lated regions to reach pV within the period when pv is essentially constant. 

Experimentally it was observed that after 500 to 700 ml.* of gas had been 
expired, a large sueceeding volume showed a constant percentage rate of change 
of pv — pE. The transition from a variable to a constant rate at about 700 ml. 
is illustrated by the blocks of the upper curve of Fig. 3B. The constancy of 
percentage rate was independent of the level of pE, and the numerical value 
(millimeters of mereury per second) varies directly with pV — pE over a large 
range of values, illustrated in Fig. 3B, and approaches zero with breathholding. 
Independent knowledge of instantaneous values of Q/ELV was not available, and 
therefore it is uncertain that pE followed equation 1. However, we conclude for 
the present that when, after sufficient gas has been expired, large succeeding 
volumes show a constant percentage rate of change of pv — pH, the dead space 
has been washed out and pure alveolar gas, pAE, is being delivered. This 
permits identification of alveolar gas even though pAE is changing at a variable 
numerical rate and appears on linear ordinates to have no clear demarcation be- 
tween the early sigmoid part and the plateau, as illustrated in the hyper- 
ventilation record, Fig. 1. Previous use of the point of intersection of the sig- 
moid phase and an approximately linear plateau has been more or less empirical 


*The sampling tube used was not ideal for studying rapid changes of concentrations 
occurring with a small volume of flow, and the true values for the volume preceding the 
transition are probably not greater than but equal to or less than 500 to 700 ml. 
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and inapplicable in many situations. Even the method proposed here is to some 
extent an approximation and fails to consider the small periodie variations of 
pCO, of the alveolar plateau that were observed in records of several normal 
persons, as previously reported by Bartels and associates.* 

Variations of Expired Alveolar Gas.—The average value of 2.3 L. per min. 
blood flow per liter of lung volume, calculated from the percentage rate of change 
of pv — pAE, appears of reasonable magnitude for normal persons at rest. How- 
ever, when maximal expiration was made (Table II), each of six subjects showed 
a larger initial rate of change, followed in five by a terminal period with little 
change of pAE. Similar results were also obtained on maximal expiration after 
hyperventilation. The calculated values of Q/ELV appear large, 4 to 5 liter per 
min. per liter, for the early period and very small for the later period of maximal 
expiration after normal breathing. 

With maximal expiration by normal subjects, Roelsen’s’ fractional analyses 
also showed the terminal decline in the rate of increase of pAE, and actual de- 
creases of pAE were observed oceasionally. This, in conjunction with other 
data, was interpreted as indicating that in certain hypoventilated areas of 
normal lungs the blood flow is reduced even more than the ventilation. 

For patients with emphysema, end-tidal gas during normal breathing had 
large numerical rates of increase of pAE, and with four patients, large calculated 
values of Q/ELV were obtained. With maximal expiration, the numerical rates 
were greater than, but the percentage rates were similar to, the normal values. 

In emphysema the abnormally large rate of increase of pAE and rate of 
fall of exchange ratio (R.Q.) has been noted previously.*-? Recent interpreta- 
tions of these findings have been based largely on the conception that alveolar 
gas composition is determined by alveolar ventilation/perfusion ratio. How- 
ever, the recently developed equations which so state*"° were intended to 
describe a time average. They are a necessary but only partial basis for inter- 
pretation of events within the period of a single respiratory cycle, when the 
alveolar volume must also be considered, as is apparent in equations 1 and 2. 

If the observed pAE is considered equal to pA of equation 1, the following 
interpretations can be made: the constancy of the percentage rate of change 
of pv — pAE indicates that Q/ELV is constant, although ELV (or LV at least) 
is decreasing during expiration. This implies that alveolar blood flow during 
expiration declines proportionately to lung volume. At the termination of a 
maximal expiration, the decreased rate implies a further disproportionate re- 
duetion of blood flow. In emphysema the low values of end-tidal tensions 
during steady normal breathing, in the presence of a normal pV, indicate high 
values of ventilation/perfusion ratio of the alveoli contributing to this sample. 
However, the normal or large apparent values of Q/ELV indicate that their 
perfusion is not reduced but that ventilation must be increased. 

However, several qualifying considerations exist. First, an apparent 
terminal decrease of the percentage rate of change of pv — pAE could be 
partially the result of a decreasing rate of expiratory gas flow and an in- 
creasing delay from alveoli to sampling site, even though the composition of 
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alveolar gas in the lungs, pA, was approaching pV at a constant exponential 
rate. However, estimated corrections for transit delay reduce but do not 
eliminate the late-appearing decrease of rate, and an increasing delay would 
not explain terminal decreases of pAK.° 

Secondly, expired alveolar gas consists of a mixture from many alveoli, 
which (1) may have different values of pA at end inspiration, (2) may have 
different rates of increase of pA, and (3) may contribute variable proportions 
during expiration. Mathematical expressions that indicate the relation be- 
tween expired alveolar gas and intrapulmonary alveolar gas when the various 
alveolar concentrations are changing exponentially have been presented by 
Forster and associates.‘ These relationships can be very complex when the 
variable factors, noted as 1, 2, and 3, above, exist. Among various possibilities 
is that of obtaining a series of values in the expired gas that would appear 
within experimental error to represent a single exponential rate, but that in 
fact were the result of a varying mixture of gases from alveoli having different 
exponential rates. The observed rate need not be representative of the mean 
alveolar rate. Certain of the experimental findings are consistent with this 
situation but not necessarily indicative of it. The linearity of the semi- 
logarithmic plots during expiration of large volumes implies that Q/ELV is 
constant, although ELV changes. If the observed rate of change of pv — pAE 
were representative of pv — pA and if it is assumed that breathholding does 
not alter Q, then an extension in time of the semilogarithmic plot of pv — pAE 
should correctly predict what pA would be after a period of breathholding. 
or eight normal subjects, the plateau at rest indicated that pv —- pAE was de- 
creasing about 13 per cent per second. In six of eight subjects, pV — pAK at 
the end of periods equal to that of the actual breathholding would have been 
expected to be 0.5 mm. or less. However, for the two subjects with the smallest 
rates (-7 per cent per second), persistent gradients of 1.5 to 2.9 mm. would 
have been expected, although no detectable increase of pAE was evident 
during the course of the maximal expiration after breathholding. With larger 
expirations, the calculated rate is more certain, and the greater observed rates 
of about —24 per cent per second are sufficient to decrease pV — pA from 7 mm. 
to 0.1 mm. in 20 seconds. This test was also applied to additional experiments. 
Two normal subjects hyperventilated for four to five breaths during 15 to 20 
seconds and then, at the end of a deep inspiration similar to those previous, 
held their breath for several seconds prior to making a maximal expiration. 
On the last expiration of eyclie hyperventilation, pV — pAE was decreasing 
about 25 per cent per second. However, for both subjects, pAE after breath- 
holding was several millimeters less than would have been expected if pv — pA 
had decreased at 25 per cent per second during breathholding. Similar calcula- 
tions were made for the patient whose records are illustrated in Fig. 2. Al- 
though pAE was considerably increased after a three-second period of breath- 
holding, the values at several expired volumes were less than expected from 
the 28 per cent per second rate of decrease of pv — pA, which was calculated 
from the maximal expiration after quiet breathing. 
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lurther doubt is cast on the supposition that the rates of change of pAK 
are strictly representative of those of pA by results of studies using insoluble 
test gases, which indicate (1) that during expiration not all alveoli contribute 
expired volume proportionate to their total volume and (2) that their relative 
contributions vary during the course of expirations.'* 

Despite present uncertainties, an approximate explanation of the expired 
tensions in emphysema may be given. After sufficient gas has been expired to 
wash out the dead space, end-tidal tensions, pAE, are frequently less than 
normal.'® The large difference between pV and pAE during regular breathing 
indicates that there is a large average ventilation/perfusion ratio of the 
alveoli contributing to pAE. Assuming an approximately normal total A-V 
difference, end-tidal tension must be less than arterial tension, as recently re- 
ported.* The large numerical rate of increase of pAE during expiration is 
probably the result of several factors. Expirations of normal or moderate 
volume contain gas that is largely from alveoli that are overventilated, rela- 
tive to their preinspiratory volume. Later in expiration there is a decreasing 
relative contribution from the maximally ventilated alveoli. The mixed ex- 
pired alveolar gas may thus present apparent rates of increase of pAE that to 
some extent exceed the intrapulmonary rates of increase of pA of alveoli that 
are overventilated to varying degrees. However, even the intrapulmonary 
rates are large as a result of large end-inspiratory values of pv — pA and of 
considerable values of Q/ELV. The pAE from overventilated alveoli is less 
than the mean value of all alveoli and contributes that part of the tension 
difference between expired air and arterial blood that has been called the 
‘‘dead spacelike’’ effect. It is true that the composition of the expired gas is 
affected in a manner partially simiiar to that caused by an increased dead 
space. However, these alveoli are by no means ‘‘dead’’ in terms of the rate at 
which they are exchanging CO, or in terms of their contribution to the total 
CO, elimination from the blood. They are not exchanging under optimal 
ventilatory conditions, as indicated by the low concentrations of expired 
CO.. Their lowered efficiency in terms of removal of CO, from the blood also 
is indicated by the failure of the A-V difference of CO, to increase in propor- 
tion to an increase of ventilation/perfusion ratio, as shown in figure 2 of Riley 
and Cournand.'® 

The limited ability of patients with emphysema to increase CO, elimination 
by voluntary hyperventilation has been reported previously. In one patient, 
Marshall, Bates, and Christie® failed to observe an increase of exchange ratio 
of the terminal part of a maximal expiration following 15 seconds of hyper- 
ventilation. In a group of patients studied by Wilson and others,’ a 40 per 
cent increase of minute volumes for 2 minutes caused little change of arterial 
gases and a 25 per cent increase of CO, elimination. Although both groups 
of authors considered the results to be caused by a failure to increase the 
ventilation of perfused alveoli, our data suggest that this interpretation is 
only partially correct. During the last several breaths of hyperventilation 
(Table IL) and before large changes of p¥ would be expected, the end-tidal 
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values of pAE became fairly constant at a value about 5 mm. less than before 
hyperventilation. However, during each expiration, pAE was rising rapidly 
(Fig. 2), and during the several seconds of the final maximal expiration, pAE 
reached values considerably greater than the resting end-tidal levels. If large 
values of pV — pA and Q/ ELV exist and pV remains relatively unchanged, the 
absence of the increased ventilation rate for only a few seconds will permit pA, 
and arterial tension also, to return rapidly toward pV. This is further illustrated 
by the finding in emphysema, noted earlier in this paper, that end-tidal pAE 
returned to resting levels within several breaths after the end of hyperventila- 
tion. Although it appears that the ventilation of perfused alveoli can be in- 
creased voluntarily, the resulting increase of CO, elimination is limited not 
only by the extent of the increase of ventilation, but also by the fact that these 
alveoli are already hyperventilated before the increase. Increasing the ventila- 
tion of hyperventilated alveoli is relatively less effective in clearing CO, from 
the blood than is a proportionate increase in normally ventilated alveoli. This 
can be illustrated by noting that in normal subjects an increase of ventilation 
of 45 L. per min. reduced pAKE from 40 to 26 mm. of mereury, but an infinitely 
large ventilation rate would be required to further reduce pAE to zero. 

It is customary to assess the general level of bodily pCO, by analysis of 
arterial blood. The mixed venous blood, although less accessible for direct 
sampling, is equally representative. Since pAE cannot exceed pV, the finding of 
tensions of expired gas greater than about 55 mm. of mercury, either on nor- 
mal or on deep expiration or after a period up to about 30 seconds of breath- 


holding, indicates an abnormally high pV. 


SUMMARY 


1. Continuous measurements of expired volume and CO, tension were 
made in 18 normal subjects and in 20 patients with chronic pulmonary em- 
physema during natural breathing, maximal expirations, voluntary hyperven- 
tilation, and after breathholding. 

2. In many patients end-tidal pCO, was lower than normal, but the esti- 
mated mixed venous pCO, was normal. Several hypoxemie patients exhibited 
CO. retention by elevated values of expired pCOQ.. 

3. In both normal subjects and patients it was found that after several 
hundred mililiters had been expired, the CO. tension of gas expired thereafter 
appeared to be approaching the mixed venous tension at a constant exponential 
rate. This characteristic is proposed for use in identifying expired alveolar gas. 
A terminal decrease of rate was seen at the end of maximal expiration. 

4. The numerical rates of change of expired alveolar pCO, observed in 
patients with emphysema while breathing naturally at rest were abnormally 
large but were similar to values observed in normal subjects during short periods 
of voluntary hyperventilation. The percentage rates of decrease of the ap- 
parent venous-alveolar difference were similar in patients and normal persons. 
This probably indicates that near-normal circulation is maintained in the over- 
ventilated alveoli of the emphysematous lung. These alveoli thereby accomplish 


x 


the major elimination of CO2, but at a less-than-optimal efficiency. 
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THE EFFECT OF VENTILATORY INSUFFICIENCY ON RESPIRATORY 
COMPENSATIONS IN METABOLIC ACIDOSIS AND ALKALOSIS 
J. WituiAM Poppet, M.D., PARKER VANAMEE, M.D., KATHLEEN E. 
Roserts, M.D., aNp Henry T. Ranpauti, M.D., Sc.D.( Men.) 
New York, N. Y. 


N THE assessment of the clinical problem of metabolie acidosis, it would be 

desirable to have a knowledge of the extent to which pulmonary compensa- 
tion may normally be expected to occur. The largest collection of data bearing 
on this subject is that of Gray,’ collected from the medical literature of 1924 
to 1935. From an analysis of 124 determinations of plasma CO, content and 
blood pH in patients with metabolic acidosis, we have had the opportunity to 
determine the extent of respiratory compensation. In addition to the human 
material, we have obtained 110 similar determinations during acutely induced 
acidosis in unanesthetized dogs. These data form the basis of this presentation 
and illustrate the extent of pulmonary compensations in metabolic acidosis. 
Previously published data? on metabolic alkalosis are included for comparison 
and to illustrate the effects of respiratory insufficiency under these cireum- 
stances. 

The construction of a graph representing the normal pathway of com- 
pensation in acidosis has proved useful both clinically and in the laboratory. 
We have found that points falling significantly above the expected line of 
compensation are evidence of impaired respiratory response to the lowered pH. 


MATERIALS AND METHODS 


The patients studied by us were regularly hospitalized adults. The conditions lead- 
ing to acidosis in these patients were as follows: acute renal failure, renal hyperchloremic 
acidosis, extensive diarrhea, diabetes mellitus, shock, adrenal insufficiency, dehydration, 
hyperchloremic acidosis resulting from exogenous chloride, or small bowel fistulae. The 
types of alkalosis encountered have been previously described.2 All patients indicated as 
the author’s were personally examined by one or more of us. Blood for analysis was col- 
lected anaerobically in a syringe whose dead space was filled with heparin, In the ma- 
jority of patients, ‘‘arterialized’’ venous blood was collected, without stasis. In a few 
patients ‘‘ ’? could not be carried out, and in some arterial blood was ob- 
tained. In all the animal studies, arterial blood was used. Whole blood pH was measured 
in the MeInnis-Belcher glass electrode, water jacketed at 37° C. Most of the plasma 
carbon dioxides were measured by the Van Slyke-Neill manometric apparatus and a few by 
the Van Slyke volumetric apparatus. pCO, was calculated from the measured plasma 
CO, content and blood pH, by use of the Henderson-Hasselbalch equation. 


arterialization 
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RESULTS 


The material has been divided into three sections for presentation. The 
first section includes the data obtained on normal unanesthetized dogs during 
acutely induced metabolic acidosis. The second section ineludes the data 
from patients with metabolic acidosis in whom there was no clinically de- 
teectable pulmonary insufficiency. The third section concerns patients with 
metabolie disturbances in whom changes in the lungs, central nervous system, 
or mechanies of ventilation interfered with alveolar elimination of CO.. The 
data of Roberts and associates” on alkalotic dogs and patients are charted for 
comparison. Points falling within the normal range represent determinations 
on the same patients plotted in the acidotic or alkalotie range but they were 
made at a time when their electrolyte balance was normal. 
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Fig. 1—PCO2 and pH changes plotted in relation to total COs content in animals with 


metabolic acidosis (left) and alkalosis (right). Equation for acidosis is Y equals 15.0 plus 
0.97x, plus or minus 3.9, and for alkalosis is Y equals 36.6 plus 0.10x, plus or minus 2.9. 








Section I: Animal Data.— 

The data from 110 determinations in acidotic dogs and 131 determinations 
in dogs with metabolic alkalosis are presented graphically in Fig. 1. As 
illustrated, there is little difference between these alterations which were de- 
termined on arterial blood and those shown subsequently in patients. 
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Section II: Patients With Normal Respiratory Exchange.— 

The data from 99 determinations in acidosis and 89 determinations in 
alkalosis are shown graphically in Fig. 2. Here, as in Fig. 1, total plasma CO, 
content is plotted in relation to pCO.. The resultant pH change is plotted in 
the upper half of the figure. The line best fitted to these points is indicated by 
the equation Y = 8.1 + 1.35X,8.D. = +2.4. 
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Fig, 2.—PCO: and pH changes plotted in relation to total COz content in patients with normal 
respiration, during metabolic acidosis (left) and alkalosis (right). 
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As expected, there is a progressive decrease in pCO, as total CO, content 
falls and the degree of acidosis becomes more severe. There is a linear cor- 
relation of highly significant degree between these two factors (r = 0.88, 
p = <0.01). It is of interest that respiratory compensation through reduction 
of pCO, appears to begin at CO, contents of about 23 meq. per liter, and that 
compensation is usually incomplete. The latter is illustrated by a comparison 
of the mean of the plotted points and the ‘‘line of compensation’’ which illus- 
trates the level of pCO., which would he necessary to return the blood pH 
to 7.40. 
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Alkalosis: The right side of Figs. 1 and 2 illustrates, as we have reported 
elsewhere, that respiratory compensations in metabolic alkalosis are minimal. 
The line fitting these points is given by the equation Y = 39.1 + 0.09 X, 
S.D. = +2.4. It is of note that even a CO, content of 48 meq. per liter the mean 
of the determined pCO, levels does not exceed those normally expected in 
venous blood. 


Section III: Patients With Respiratory Insufficiency.— 

The data from 25 determinations in 9 patients with metabolie acidosis and 
530 determinations in 18 patients with metabolic alkalosis are illustrated in 
ig. 3. The solid area indicates the ‘‘normal’’ range as determined from 
ig. 2 and ineludes +1 standard deviation about the mean of the determined 
points. All patients shown had superimposed pulmonary insufficiency. The 
conditions underlying respiratory insufficiency for the elimination of CO, in 
these patients are presented in Table I. 
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insuitielency superimposed. on metabolic “acidosis. (left) and. alkalosis (right)... ‘The. shane 
area represents plus or minus one standard deviation about the mean of the points previously 
shown in patients with normal respiration. 

Acidosis: As illustrated in the left-hand side of Fig. 2, these patients with 
metabolic acidosis were unable to ventilate sufficiently to lower pCO, to the 
extent observed in patients with normal respiratory exchange. Some of these 
patients were able to lower this component below normal but were not able 
to achieve the expected levels. Because of the failure of respiratory com- 
pensation, the pH changes encountered were much greater for any given de- 
erease of CO, content than in the previous group. Of some interest was our 
observation that no patient in this group showed a CO, content less than 13.5. 

Alkalosis: The right-hand side of Fig. 3 illustrates the inereased levels 
of pCO, encountered in patients with metabolic alkalosis and respiratory dis- 
ease. The contrast to the patients shown in Fig. 2 is apparent. This circum- 
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TABLE I. CONDITIONS UNDERLYING SUPERIMPOSED RESPIRATORY INSUFFICIENCY IN THE Pa- 
TIENTS WITH METABOLIC ACIDOSIS AND ALKALOSIS PRESENTED IN SECTION III 








PATIENTS WITH METABOLIC ACIDOSIS 
Pleural effusion, metastatic carcinoma to lung 
Pulmonary edema, bronchopneumonia 
Pulmonary tuberculosis, amyloidosis 
Bronchopneumonia, metastatic carcinoma to lung 
Asthma, pulmonary emphysema 
Bronchopneumonia 
Chronic pulmonary emphysema (3 patients) 

PATIENTS WITH METABOLIC ALKALOSIS 
Pleural and pulmonary fibrosis, emphysema 
Bronchopneumonia (4 patients) 

Pneumothorax 

Atelectasis, bronchopneumonia 

Metastatic carcinoma to lungs (2 patients) 
Postoperative thoracotomy (for cardiac massage ) 
Chronic pulmonary emphysema (4 patients) 
3ronchogenic carcinoma (postradiation therapy) 
Pleural effusion, ascites 

Morphine administration (2 patients) 











stance may be considered as a respiratory acidosis superimposed on metabolic 
alkalosis, since in every instance the pH was greater than normal and clin- 
ically these patients had sustained gastric chloride loss or potassium de- 
ficiency. 

DISCUSSION 

The contribution of the respiratory system to the regulation of acid-base 
balanee lies in its control of alveolar CO, tension. This in turn is in equi- 
librium with arterial CO. tension and hence the carbonie acid fraction of the 
bicarbonate buffer system.* In order that this regulation might be accom- 
plished, it is implicit that the neural and humoral mechanisms controlling 
respiration must be functioning well, that the mechanics of the thorax and 
diaphragm are intact, and that air must be distributed to a significant number 
of alveoli which are adequately perfused with blood. 

In metabolie acidosis, it is not unsual to observe hyperventilation, which 
reduces alveolar pCO, and readjusts the bicarbonate-carbonic acid ratio 
toward the normal of 20/1. The extent to which this compensation normally 
occurs in patients and dogs with unimpaired respiratory systems has been 
illustrated in Figs. 1 and 2. It is shown that even with relatively small re- 
ductions in total CO,, the pCO, is not usually lowered sufficiently to prevent 


a reduction in pH. Nevertheless, the extent of compensation is considerable. 
This is particularly apparent when Fig. 3 is examined. Here there was an in- 
ability to achieve the expected lowering of pCO., and as a result, the changes 
in pH encountered were more extreme. Worthy of note was the finding that 
no CO, content below 13.5 was encountered in this group of patients. This 
may represent the maximum carbon dioxide elimination attainable by these 
patients with impaired alveolar ventilation. 


*A more accurate idea of the degree of change in alveolar COez tension can be achieved 
by measurements on arterial, rather than venous blood. For this reason our patient data do 
not reflect exactly the extent of respiratory compensation. However, the similarity of the 
data shown on dogs in whom arterial blood was analyzed to the patient data suggests that 
this error is minimal. 
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In metabolic alkalosis the situation is different. Though it is commonly 
stated that a reduction in alveolar ventilation occurs in metabolic alkalosis 
and is a desirable compensatory mechanism, the data on alkalotie patients and 


dogs published elsewhere? minimizes the role of respiration in these cireum- 
stances. As shown in these studies,? diminished alveolar ventilation and the 
consequent elevation of plasma pCO, are accompanied by renal retention of 
bicarbonate and a decreased arterial oxygen saturation. That this may occur 
clinically is suggested by our data on patients with respiratory insufficiency 
and a superimposed metabolic alkalosis. In these patients, markedly elevated 
levels of total carbon dioxide were more frequently encountered than in the 
patients with normal respiratory exchange. From the data presented here 
it is also evident that the inadvertent inclusion of subjects with ventilatory 
insufficiency in studies of metabolic acidosis and alkalosis may lead to errone- 
ous conclusions as to compensatory mechanisms. 
CONCLUSIONS 

The degree of respiratory compensation in metabolic acidosis has been dem- 
onstrated graphically by 99 determinations in acidotie patients with normal 
respiration. This compensation is always incomplete at low total CO, levels. 
In the presence of respiratory insufficiency for CO, elimination, the expected 
lowering of pCO, is not attained and pH changes are therefore excessive. 
Thirty determinations in metabolic alkalosis and respiratory insufficiency have 
been compared with the previously published points from alkalotie patients 
with normal respiration. In the assessment of compensatory mechanisms in 
acidosis or alkalosis, it is important to determine the presence of respiratory 
insufficiency. 

We are indebted to Dr. Rulon W. Rawson for his advice and encouragement through- 
out the course of these studies. We are also grateful for the invaluable technical as- 
sistance rendered by Sergei Denecko, Margaret Hood, Frankie Lawson, Rita Lipton, 
Jeanette Louzon, and Dorothy Nary. 
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INFLUENCE OF CHELATES ON THE METABOLISM OF 
RADIOYTTRIUM (Y°*°). 
If. ©. DupLEy, Captain (MSC) USN, AND JOSEPH GREENBERG, 
LIEUTENANT (MC) USNR 
St. ALBANS, N. Y. 


INTRODUCTION 


N PREVIOUS studies of the influence of various chelates on the metabolism 
of yttrium and radioyttrium, it was shown that the pharmacologic pattern 
of this metal could be significantly altered by selection of the chelate and con- 


trol of the concentration of the complexing agent (Dudley,! with extensive 


bibliography). 

It was found that an excess of the chelate N’ hydroxy ethylenediamine tri- 
acetic acid (KD-ol) promoted the selective deposition of Y° in bone of the 
rat and rabbit. Under certain conditions high concentrations were found in 
the wall of the stomach of the rabbit. 

The present report gives results of further studies with the chelate ED-ol: 
(a) the early tissue distribution of Y (24 to 48 hours); (b) the influence of 
chelate concentration on tissue distribution of Y; (ce) influence of dose (mg. 
Y per kilogram) on distribution, all (a to c) utilizing rabbits; and (d) the dis- 
tribution and fate of Y in the dog. 

These data form the basis for the clinical studies which will be reported 
in the next paper of this series. 


MATERIALS AND METHODS 


Preparation of Y Solutions Radioactive yttrium was prepared by neutron bombard- 
ment of purified Y.O, for 7 days in the Brookhaven reactor (Y89 |[n,y] Y9°). The specific 
activity obtained was 0.60 to 0.63 me. per milligram Y. 

The activated oxide was dissolved by warming with a minimum quantity of con- 
centrated hydrochloric acid, and the chelate N’ hydroxy ethylenediamine triacetic acid 
(ED-ol) was then added. In the first preparation, the quantity of ED-ol introduced was 
that which was just sufficient to prevent precipitation of Y(OH), at pH 7. In all 
other preparations, 5 times this minimum quantity of ED-ol was utilized to chelate the Y. 
To the acidic chelated solutions was added a few drops of brom-cresol indicator and the 
pH adjusted to 7 with NaOH (red-purple color). The solution was then diluted to 
some convenient standard volume. 

‘‘Carrier’’ Y was prepared by chelating stable YCl, with ED-ol as shown above. This 
‘‘earrier’’ contained 0.1 mg. Y89 per milliliter. 
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Carrier and Y9° solutions were mixed in a calibrated hypodermic syringe, to give the 
required amounts of Y9° (uc), and stable Y (mg. Y per kilogram). In the case of rabbits, 
each animal received 100 we Y9°; the carrier varied between 0.03 and 5.1 mg. Y per kilogram. 
In dogs, 300 we Y9° was injected per animal, with carrier held between 0.05 to 0.07 mg. Y pen 
kilogram. 

Animal Studies——Rabbits were administered the Y solutions via the marginal ear vein, 
whereas dogs received the material through one of the superficial femoral veins. 

A series of 12 rabbits was injected with Y9° solutions containing 0.24 mg. Y per kilo- 
gram body weight. In six of these rabbits the Y was chelated with the minimum amount of 
ED-ol, while the remaining six animals received the Y solutions containing 5 times the min 
imum quantity of ED-ol, 

At 24 hours after injection, 3 rabbits from each group were sacrificed and representa- 
tive tissues removed for radiochemical counting. At 48 hours after injection the remaining 
6 rabbits were killed and tissue was taken for analysis. 

In order to determine the effect of carrier concentration on the distribution of Y9% in 
the rabbit, three series of 12 rabbits each were studied. In the first series, the carrier varied 
between 0.08 and 5.1 mg. Y per kilogram body weight, while in the second and _ third 
series the carrier Y varied between 0.03 and 0.24 mg. Y per kilogram. In each of these 
series the quantity of chelate was 5 times the minimum necessary to prevent precipitation of 
Y(OH),. Four animals were used at each dose level and were sacrificed 48 hours after intra 
venous injection, 

During the study of influence of carrier concentration, the total excretion of Y for 48 
hours was determined by analyzing an aliquot of all excreta during this period for Y9° content. 

In order that the fate and distribution of Y in the dog might be studied, solutions of 
Y20 chelated with an excess (5 times) of ED-ol were administered intravenously to 6 dogs, 
at carrier levels ranging from 0.05 to 0.08 mg. Y per kilogram. At the end of 48 hours, the 
animals were sacrificed, and the organs were removed, weighed, and sampled. Representative 
samples of tissues were taken for radiochemical assay. 

From these results the concentration of Y per gram of fresh tissue was determined, as 
well as the per cent of the original dose excreted in the urine, and the fraction remaining in 
the liver, stomach, and skeleton. 

Radio Counting Techniques——Aliquot samples of the Y90 solutions used for injection 
were pipetted onto and mixed with lean beef slices. These samples were prepared in 
triplicate for each lot of Y9° used and offered a basis for estimating the Y present in un- 
knowns, as micrograms Y per gram of fresh tissue. 

Representative tissue samples were removed from the animals at time of autopsy, 
placed in weighed aluminum planchets, and weighed as fresh tissue. These samples were 
dried overnight at 120° C., cooled, and the beta emission determined with use of an end- 
window Geiger tube. (Tube to sample distance, 10 mm.) (Mica 3 mg./em.2). Sufficient 
counts were taken to insure a counting accuracy of +5 per cent. From the results of the 
‘‘knowns’’ it was possible to estimate the Y content, as micrograms Y per gram of fresh 
tissue. 

The excretion of Y was determined by the mixing of aliquots of the Y9 solutions 
with normal (nonradioactive) urine and feces; aliquots were then dried and counted. Com 
parison of these samples with the ‘‘unknowns’’ gave an estimate of Y excreted. 


RESULTS 


Results of the study of the influence of time and chelate concentration on 
the distribution of yttrium in the rabbit are detailed in Table I. The findings 
indicate that a low chelate concentration promotes deposition of Y in the wall 
of the stomach (fundus). Although there is a reduction (41 per cent) of Y 
in the stomach during the 24- to 48-hour period, the amount still remaining 
is appreciable, with the stomach/marrow ratio exceeding 20/1. Under these 
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TABLE I, YTTRIUM CONCENTRATION OF RABBIT TISSUES; INFLUENCE OF TIME AND AMOUNT 
OF CHELATING AGENT* 








MICROGRAM Y/GRAM FRESH TISSUE 
LOW CHELATE CONCENTRATION HIGH CHELATE CONCENTRATION 
TISSUE 24 HR. | 48 HR. 24 HR. | 48 HR. 
Spleen 0.28 0.19 0.50 0.20 
Kidney 0.23 0.62 0.30 0.15 
Liver 0.39 0.33 0.40 0.40 
Marrow 0.09 0.18 0.40 0.40 
Cortical bone 0.67 0.73 1.23 iaEE 
Trabecular bone 1.04 1.25 3.07 1.16 
Stomach (fundus) 7.27 4.26 2.46 2.60 

















*Dose 100 ue Y® in 790 mcg. Y (0.24 mg. per kilogram) given intravenously. Animals 
killed 24 and 48 hours later. Results are mean of six samples of tissue taken from three 
rabbits, each time and for each chelate concentration. Total 12 rabbits, 3.0 to 3.5 Kg. Low 
chelate concentration contained just sufficient ED-ol to prevent precipitation of Y(OH)s at 
pH 6.5 to 7.0; high chelate concentration was five times the minimum. 
conditions, bone retained only moderate amounts of Y, the concentration in- 
creasing slightly during the 24- to 48-hour period. The spleen, liver, kidney, 
and red marrow retained relatively small quantities of the metal throughout 
the experiment. 

With a high concentration of chelate (ED-ol, 5 times the minimum) the 
trabecular bone contained at 24 hours a greater amount of Y (as micrograms per 
gram of fresh tissue) than any other structure. Forty-seven per cent of this 
amount remained at the end of an additional 24 hours. The stomach wall also 
held appreciable amounts of Y under these conditions, the concentration remain- 
ing essentially unchanged during the 24- to 48-hour period. The liver, kidney, 
spleen, and marrow under the conditions of high chelate concentration re- 
tained relatively small amounts of the metal. 

Examination of various portions of the stomach of the rabbit 48 hours 
after injection of chelated Y has shown that the greatest concentration of the 
metal oceurs in the wall of the fundus, with much lesser amounts in the cardiac 
and pylorie areas. 

Results of a study of the effect of carrier (as mg. Y per kilogram of body 
weight) on the distribution of Y in the rabbit is shown in Table IT and Fig. 1. 
In this phase of the study, rabbits were injected intravenously with Y®, plus 
Y*® as earrier, chelated with an excess (5 times minimum) of ED-ol, and the 
animals were killed 48 hours after the injection of the material. 

Table II shows the details of findings of one series of 16 rabbits, given 
Y°? with 0.08 to 5.1 mg. Y per kilogram carrier. These results indicate that 
a high earrier dose promotes deposition of Y in the liver, and particularly in 
the red marrow. Excretion of Y was studied in this group of animals and. 
indicated that 3.4 to 5.8 per cent of the original dose was excreted in 48 hours. 

In Fig. 1 there is shown a resumé of the study of 3 series of rabbits re- 
ceiving Y° with various doses of earrier. These results confirm and extend 
those detailed in Table II and indicate that a low dose of earrier (0.03 to 0.05 
mg. Y per kilogram) promotes selective deposition of Y in trabecular bone 
and in the wall of the stomach. 

Details are shown in Table III of results of the study of the distribution 
of Y in the tissues of dogs following intravenous administration of Y°° chelated 
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INFLUENCE OF CARRIER ON DISTRIBUTION OF YTTRIUM IN RABBITS 








TISSUE 


Marrow 

Cortical bone 
Trabecular bone 
Spleen 

Kidney 

Liver 


Stomach (fundus) 





0.08 


DOSE OF 
(MG. Y /KG.) 


CARRIER* 





0.58 l 


1.] 





0.07 
0.28 
1.14 
0.14 
0.11 
0.30 


Micrograms ¥ per gram fresh tissue 


2.1 
1.5 
2.2 


13.2 


122.0 
12.6 
33.2 

9.1 
5.3 
47.2 


46.3 


Ratio: 
Trabecular bone 
Marrow 
Stomach 


0.3 





= ca 0.4 

Marrow 

% Dose excreted in 48 

hours 3.4 

*One hundred microcuries of chelated (5 X minimum) Y given intravenously to 4 
rabbits (3.0 to 3.5 Kg.) at each dose _ level. Animals were killed 48 hours after injection 
and 2 representative samples of each tissue were removed from each rabbit. Values shown 
here are mean of 8 determinations. 


Qr 
0.0 


5.8 


SERIES 1 





NUMBER 2 | 3 


14.0 20.7 
950 1425 
0.07 0.07 


ANIMAL 
Weight (Kg.) 
Total Y given (meg.) 
Dose: mg. Y/Kg.* 





945 
601 
0.06 


600 
0.08 


600 
0.05 





Micrograms Y per gram fresh tissue (X 10-2) 


0.8 6.: 2.3 j 4.2 


_ 


Heart muscle 


Large intestines 

Small intestines 

Lung 

Stomach mucosa 

Liver 

Kidney 

Spleen 

Bone marrow 

Cortical bone 

Trabecular bone 

Ribs 

Mean concentration of all 
tissues at 48 hrs. 








Mean bone : 
apm Ratio 


marrow 
Stomach mucosa 


rT 
ratio 
marrow 





% of original dose 
Urinary excretion 
Remaining in stomach 
Remaining in liver 
Remaining in skeleton 


#200 


12 
1.6 

12 

40 


0.9 
mi) 
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0 


9 


] 


uc Y® given intravenously, chelated with 5 


1.5 
1.9 
4.7 


20 
7 
4 16 
9 36 


dq 
4, 
9. 


Killed by IV Nembutal 48 hours after administration of Y. 


7Calculated from 
of total body weight. 


mean 
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Fate of Y (0-48 how 


20 
17 


23 
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‘s) : 
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99 


35 
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4.¢ 
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18 
16 
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times minimum amount of ED-ol. 


Y content of bone and estimated skeletal weight of 10 per cent 





Mesa df INFLUENCE OF CHELATES ON METABOLISM OF Y°9. II 895 
with an excess of ED-ol. These findings indicate that at a carrier dose of 0.05 
to 0.08 mg. Y per kilogram, Y is deposited in all tissues studied, with the 
greatest amount in the stomach mucosa. Trabecular bone, liver, spleen, and 
kidney contained, on the average, essentially equal amounts (calculated as 
micrograms Y per gram fresh tissue). The red marrow contained but Little. 
The ratio of bone/marrow Y content averaged 4.3 in the six dogs studied, 
while the mean ratio of stomach mucosa/marrow was 9.3. 





TRAB. BONE 
MARROW 





Ratio of Y content of tissues 














CARRIER DOSE mg.Y/Kg. 
Fig. 1.—Influence of dose (mg. Y per kilogram) on selective localization of yttrium in tissues 
of rabbits. 

The fate of the injected Y in dogs at 48 hours is also shown in Table ITI, 
with 11 to 24 per cent of the original dose of Y being excreted in the urine 
while 19 to 40 per cent remained in the skeleton. 

Examination of the site of Y deposition in the stomach indicates that this 
element is selectively deposited in the mucosal lining of the fundus. If the 
muscle of the greater curvature is taken as unity, pylorie mucosa is 7, while 
mucosa from the fundus (greater curvature) has an Y concentration 12 times 
that of the adjacent muscle layer. 

DISCUSSION 

Examination of the results outlined above indicate that there is a definite 
species difference between the rabbit and dog in the degree with which Y is 
loealized in the stomach. Under the conditions of low carrier concentration 
(0.03 to 0.08 mg. Y per kilogram) and excess chelate (5 times), the rabbit 
shows greater concentration of Y in trabecular bone, whereas the dog effects 
marked concentration of the element in the stomach mucosa (acid bearing 


portion of the fundus). 
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Explanation of the selective localization of Y in the stomach mucosa may 
lie in the fact that one of the major influences on chelate stability is the H ion 
concentration. Generally speaking, the higher the pH the greater the tend- 
ency for chelation. As the pH is reduced, the stability of the chelate bond 
decreases. For the common metals this loss of efficiency is not apparent until 
the pH drops to 7.5. Below this pH, metals such as Ca and Mg are not com- 
plexed efficiently. Therefore, more chelate is necessary to preserve their solu- 
bility. When the pH drops below 5.0, the strength of many metal-chelate 
bonds is not great enough to prevent precipitation by the common precipitat- 
ing agents. 

Since there is competition for Y between the natural complexing agents of 
the body (i.e., proteins, amino acids, citrate, ete.) and the exogenous chelate, 
it is postulated that in the mucosa of the stomach (where H ion is secreted) 
the pH may be sufficiently low to split the chelate and cause precipitation of 
the Y in such forms as the proteinate, with resultant localizations. 

Following this line of reasoning the greater selective deposition of Y ob- 
served in the stomach of the dog may be due to the fact that ecarnivors have a 
lower gastric pH than herbivors (rabbit). This would favor removal of the 
metal from its chelate by the natural competitors. 

The ability to cause selective deposition of a radiometal such as yttrium’’ 
in a specific organ has potential clinical importance. Thus, gastric mucosal 
localization may permit therapy of malignant neoplasms as well as benign con- 
ditions such as peptic uleers. Furthermore, substitution of gamma-emitting rare- 
earth relatives, such as lanthanium,'*® may prove useful from a diagnostic stand- 
point. 

In addition it appears that manipulation of chelate and metal-chelate con- 
centration may permit the use of Y°° as a source of high intensity, whole-body 
beta irradiation (as in leukemia, for example). Its favorable radiation and 
chemical characteristics give it obvious advantages over agents such as P*, 
which are currently being used for this purpose. These possibilities are now 
being investigated in our laboratory, and the results will be reported in the next 
paper of this series. 

SUMMARY AND CONCLUSIONS 


1. Studies with rabbits injected with radioyttrium (Y°°) chelated with 
N’ hydroxy ethylenediamine triacetic acid (ED-ol) have shown that variations 
in the dose of carrier (milligrams Y*® per kilogram), the amount of chelating 
agent, and tine influence the distribution and metabolic fate of this element. 
A minimum of chelate predisposes to deposition in the stomach (fundus). Ex- 
cess of the chelate with low carrier dose (0.03-0.05 mg. Y per kilogram) causes 
deposition to be predominantly in trabecular bone. 


2. Similar studies with dogs indicate a species difference, since under the 
conditions of au excess chelate and low carrier concentration (0.05 to 0.08 mg. 
Y per kilogram), the Y is markedly concentrated in the stomach mucosa. It 
is suggested that the above difference resu!ts from differing local conditions, 
namely, the pH of the gastric mucosa. 
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3. These results confirm and extend our earlier hypothesis that by control 
of chelate and its concentration, the deposition and metabolic fate of a metal 
inay be altered. 

4. The potential clinical usefulness of these findings was discussed. 


We wish to acknowledge with thanks the technical assistance of Lieutenant T. G. 
Mitehell (MSC), USN, E. D, Platt (HM1), USN, and L. Maring (HM3) USNR, of the 
Radioisotope Laboratory. 
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STUDIES ON COPPER METABOLISM 
XXI. THe TRANSFER OF RADIOCOPPER BETWEEN ERYTHROCYTES AND PLASMA 


J. A. Busu, M.D.,*+ J. P. Manoney, M.D.,* C. J. GusBLer, Px.D., 
G. E. Cartwricut, M.D., Aanp M. M. WrnvrroseE, M.D., Px.D. 
SaLt LAKE City, Uran 


* THE course of studies on the metabolism of copper in normal subjects and 
patients with hepatolenticular degeneration, it was noted that radiocopper 
is taken up rapidly by erythrocytes after the oral or intravenous administration 
of eupric®™ acetate.1. A similar observation had been made earlier in dogs by 
Yoshikawa, Hahn, and Bale.? It had also been demonstrated previously® that 
nonradioactive copper is able to pass from the plasma to the red cells and vice 
versa, both in vivo and in vitro. However, in these experiments amounts of 
copper which exceeded the physiologic limits had to be used. 

In copper-deficient swine’ it was noted that the concentration of copper 
in the erythrocytes decreased rapidly early in the course of the deficiency from 
a level of about 110 meg. per 100 ml. of packed cells to approximately 67 meg. 
Thereafter, in spite of the severity of the copper deficiency there was little 
further decrease in the erythrocyte copper concentration. This observation 
led to the thought that there are two forms of copper within the red cell, a 
somewhat ‘‘labile fraction or pool’’ and a second much more ‘‘stable fraction.’’ 

Recent studies in this laboratory® indicate that the life span of erythro- 
cytes low in copper is shorter than normal when such eells are transfused in- 
to copper-deficient swine but that when normal cells are transfused into copper- 
deficient pigs the survival time of the cells is normal. However, when erythro- 
eytes low in copper are transfused into normal swine the life span of the cells 
approaches normal. This suggests that copper enters the copper-deficient red 
cells from normal plasma and corrects the intracorpuscular defect. 

Beeause of these observations it seemed worth-while to study the rate of 
movement of small amounts of radiocopper into and out of red cells under various 


conditions. The purpose of this paper is to deseribe the results of such studies 


on normal human erythroeytes. 


METHODS 


Radioactive copper (CuSt) was supplied as a solution of cupric acetate by Abbott 
Laboratories on allocation from the United States Atomic Energy Commission. The specific 
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activity of the material at the time of use varied from 0.8 to 1.2 me. per milligram of 
copper. All specimens were counted in a well-type, thallium-activated sodium iodide crystal 
scintillation counter with an efficiency of 5 per cent for Cus4. Since the half-life of Cu%4 
is 12.8 hours, a record was kept of the exact time at which each count was performed in 
order to correct the observed activity for radioactive decay. 

The procedure for the study of plasma radioactivity after the oral or intravenous 
administration of radiocopper has been described in a previous communication,! as well 
as the method used for the fractionation of plasma with ammonium sulfate. Each subject 
was given 1 mg. of copper. Since the specific activity of the material at the time of 
administration ranged from 0.8 to 1.2 me. per milligram of copper, the final data were 
adjusted to CPM per 1 me. of copper administered in order to make the data more com- 
parable. 

The radioactivity in the erythrocytes following the oral or intravenous administration 
of radiocopper was calculated from the determination of the whole blood and the plasma 
activity after appropriate correction for the volume of packed red cells. The results are 
expressed in CPM per 1 me. of copper administered per milliliter of packed cells. 

In the in vitro incubation experiments, the erythrocyte radioactivity was either caleu- 
lated from the whole blood and plasma activities and the volume of packed cells or it 
was measured direct:: on washed erythrocytes. The latter measurement was made as 
follows: 2 ml. of blood were pipetted accurately into a counting vial. All subsequent 
procedures were carried out in the counting vial and care was taken not to remove any red 
cells. The vial was first centrifuged and the plasma was removed and discarded. The 
cells were then washed twice with physiologic saline. Finally, 1 ml. of water was added 
to the cells in the counting vial and the radioactivity of the hemolysate was determined. 

The CPM of packed red cells calculated from the whole blood and plasma did not 
differ significantly from the red cell activity determined directly. Thus, the radioactivity 
could not be eluted from the erythrocytes under these conditions. Indeed, washing the 
cells with a dilute solution of ethylenediaminetetraacetic acid did not decrease the red 
cell copper. 

All of the in vitro incubation experiments were carried out at 37° C. with constant 
shaking for various periods of time. Sterile conditions were maintained throughout the 
experiments up to the point of the preparation of the specimens for counting. 


EXPERIMENTAL AND RESULTS 


The Uptake of Radiocopper by Erythrocytes In Vivo.—In order to study the 
rate of uptake of radiocopper by erythrocytes following the oral administration 
of copper, a normal individual (J. C.) was given 1 mg. of radiocopper by 
mouth, and the activity in the plasma and erythrocytes was determined 0.5, 
1, 2, 3, 6, 12, 24, and 36 hours after the ingestion of the copper. The results are 
presented in Fig. 1. The erythrocytes contained radioactivity within 30 
minutes, and thereafter the activity increased. By 36 hours the activity in 
the erythrocytes, expressed per milliliter of packed cells, was equal to that 
in 1 ml. of plasma. 

Four normal male subjects were each given 1 mg. of radiocopper intrave- 
nously. The results are summarized in Table I. In Fig. 2 the activity in the 
red cells of one of the subjects (A. P.) is shown in detail, together with the 
activity in the whole plasma and in the supernate (nonceruloplasmin copper) 
of the plasma after 50 per cent saturation with ammoninm sulfate.t Within 
ten minutes after the injection of the copper, the activity in the erythrocytes 
was at a maximum. During the next hour, as the activity in the plasma de- 
creased rapidly, the activity in the erythrocytes decreased more gradually. 
Thereafter, the red cell activity increased very slowly in all four subjects. 
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TABLE I. THE RADIOCOPPER ACTIVITY IN THE PLASMA AND ERYTHROCYTES FOLLOWING THE 
INTRAVENOUS ADMINISTRATION OF CU64 ACETATE 


| | AMMONIUM R.B.C. 
| WHOLE SULFATE CPM/ML. 
| PLASMA SUPERNATE OF PACKED 
| (CPM/MC./ML. ) (CPM/MC. )* CELLS 
10 min. 9,671 7,464 4,908 
2 hr. 1,638 1,128 
48 hr. 2,358 875 








TIME 





10 min. 16,107 12,776 
2 ur, 1,609 G24 
48 hr. 2,520 500 


10 min. 21,630 
2 hr. 3,708 
48 hr. 8,965 


30 min. 6,552 
H. 2 hr. 1,601 
48 hr. 1,461 


*In the supernate obtained from 1 ml. of blood. 


In order that it might be determined if the radiocopper in the erythrocytes 
could pass from the cells to the plasma, 50 ml. of blood was removed from a 
normal subject 15 minutes following the intravenous administration of 1 mg. of 


radiocopper. The plasma was removed and discarded and the cells were washed 
twice with physiologic saline. Plasma obtained from the same individual prior 
to the injection of the isotope was then added to the cells, together with 8 ml. of 
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Fig. 1.—The uptake of radiocopper by plasma and erythrocytes following the oral ad- 
ministration of 1 mg. of copper. The values on the ordinate refer to CPM per 1 me. of in- 
gested radiccopper in 1 ml. of plasma or 1 ml. of packed red cells. 
acid-citrate-dextrose solution, ar the reeonstituted blood was ineubated at 
37° C. Aliquots were removed for counting at 1, 2, 4, 6, and 8 hours. The 
volume of packed cells and the radioactivity in the plasma and in the washed 
erythrocytes were determined on each aliquot. The CPM in the volume of 
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Fig. 2.—The radioactivity in whole plasma, in the 50 per cent ammonium sulfate super- 
nate from whole plasma, and in red blood cells following the intravenous administration of 
1 mg. of copper. The difference between the curves of activity in whole plasma and in the 
ammonium sulfate supernate represents the activity in the precipitate (ceruloplasmin) after 
50 per cent saturation with ammonium sulfate. The values on the ordinate refer to CPM 
per 1 me. of injected radiocopper in 1 ml. of whole plasma or in 1 ml. of packed red cells 
or in the supernate obtained. from 1 ml. of plasma. It should be pointed out that frac- 
tionation of plasma with ammonium sulfate at a concentration of 50 per cent does not give 
a complete separation of the copper-albumin (supernate) and ceruloplasmin (precipitate) 
fractions and that activity remaining in the supernate after about 24 hours is due to cerulo- 
plasmin which has not been completely precipitated.! 
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Fig. 3.—The tranfer of radiocopper from erythrocytes to plasma in vitro following the 
labeling of the erythrocytes in vivo for fifteen minutes. The results are expressed as the 
per cent of the red cell radioactivity at time zero found in the plasma. 
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plasma and erythrocytes which corresponded to 1 ml. of blood were calculated. 
The results, presented in Fig. 3, are expressed as the per cent of the radioactivity 
present initially in the erythrocytes from 1 ml. of blood which was found in the 
plasma from 1 ml. of blood. Approximately 40 per cent of the activity in the 
cells was mobilized into the plasma under these conditions. 

It was not possible to determine the proportion of the red cell radioactivity 
which could pass from the cells to plasma in vitro after the cells had been ex- 
posed to radiocopper for 24 hours in vivo, because of the short half-life of the 
isotope. 


The Transfer of Radiocopper Between Plasma and Erythrocytes In Vitro.— 
In order that the rate of uptake of radiocopepr into erythrocytes from plasma 
under in vitro conditions might be studied, 50 ml. of blood was withdrawn from 
each of three normal male subjects and placed in three Erlenmeyer flasks, each 
containing 8 ml. of acid-citrate-dextrose solution. Two microcuries of radio- 
copper was added to each and the flasks were incubated at 37° C. Aliquots were 
withdrawn after 2, 4, 6, 8, 12, and 24 hours of incubation. The volume of packed 
red cells and the radioactivity in the plasma and in washed erythrocytes were 
determined on each aliquot. The CPM in the plasma and in the erythrocytes in 
1 ml. of blood were calculated. The results, presented in Fig. 4, are expressed 
as per cent of the plasma radioactivity which was present in the erythrocytes. 
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Fig. 4.—The uptake of radiocopper by erythrocytes in vitro. The values on the ordinate refer 
to the per cent of the plasma radioactivity which was present in the erythrocytes. 





Radioactivity was detected in the red cells after 30 minutes. Thereafter, 
the activity increased progressively with time. After 24 hours, 65 to 70 per 
cent of the activity in the whole blood was in the erythrocytes. 

The rate of transfer of radiocopper from erythrocytes (labeled in vitro) to 
plasma was studied after the cells had been exposed to radiocopper for 30 minutes 
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and for 24 hours. Fifty milliliters of blood was withdrawn from each of three 
normal subjects. Twenty-five milliliters was placed in each of six Erlenmeyer 
flasks together with 4 ml. of acid-citrate-dextrose solution. Two microcuries of 
radiocopper were added to each flask. Three of the flasks were incubated at 
37° C. for 30 minutes and three at 37° C. for 24 hours. At the end of each in- 
cubation period the volume of packed red cells and the activity in whole blood 
and plasma were determined on an aliquot. The remainder was centrifuged, the 
plasma discarded, and the cells were washed twice with saline. The cells were 
then resuspended in normal plasma and incubated at 37° C. with constant shak- 
ing. Aliquots were removed at 1, 2, 3, and 4 hours and the aetivity in the plasma 
was determined. The results, presented in Fig. 5, are expressed as the per cent of 
the radioactivity present in the erythrocytes at time zero which was recovered in 
the amount of plasma obtained from 1 ml. of the reconstituted blood. Thirty to 
50 per cent of the radioactivity in the cells exposed to the isotope for 30 minutes 
was transferred from the cells to the plasma under these conditions. Only 5 to 
15 per cent of the radioactivity in the cells exposed to the isotope for 24 hours 
was transferred to the plasma. 
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; Fig. 5.—The rate of transfer of radiocopper from erythrocytes to plasma in vitro follow- 
ing the labeling of erythrocytes in vitro for thirty minutes (solid lines) and for twenty-four 


hours (broken lines). The values on the ordinate refer to the per cent of red cell radioactivity 
at time zero which entered the plasma. 


In order that it might be determined if copper added to plasma could be in- 
corporated, into ceruloplasmin in vitro, 0.5 ue of radiocopper was added to 10 ml. 
of blood together with 2 ml. of acid-citrate-dextrose solution. The blood was 
incubated at 37° C. for 24 hours. At the end of this time, 1 ml. of the plasma 
was added to a sample of rabbit antihuman ceruloplasmin serum® calculated to 
contain excess antibody. After incubation at 37° C. for one hour, the mixture 
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was centrifuged in the cold, and the precipitate was washed successively with 
3.0 ml. and 2.5 ml. of cold 0.85 per cent saline. It was then dissolved in 1.0 ml. 
of 0.1 N sodium hydroxide solution and counted. The washings were added to 
the supernate and the activity in the supernate (nonceruloplasmin copper) was 
measured. In one experiment the activity in the supernate was 916 CPM and 
in the precipitate (ceruloplasmin) 18 CPM. In a second experiment the activity 
in the supernate was 1,248 CPM and there were 15 CPM in the precipitate. 


DISCUSSION 


An hypothetical outline of the metabolic pathways of copper in the plasma 
and erythrocytes is presented in Fig. 6. This is undoubtedly an oversimplifica- 
_tion. Moreover, not all of the pathways represented have been proved to exist. 
The diagram is given only to facilitate discussion. 
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Fig. 6.—An hypothetical diagram representing several possible metabolic pathways of copper 
in plasma and erythrocytes. 

When inorganic copper is added to plasma in vitro, or when a copper salt 
is administered orally or intravenously, the resulting increment of copper in 
the plasma is capable of reacting directly with sodium diethyldithiocarbamate.° 
Bearn and Kunkel,’ by the use of zone electrophoresis, have shown that the 
copper, under these conditions, is bound to serum albumin. Studies in this 
laboratory® indicate that this copper fraction of plasma represents transport 
copper. The remainder of the copper in the plasma is firmly bound to the 
alpha-2 globulin, ceruloplasmin,* and reacts with sodium diethyldithiocarbamate 
only after the copper has been removed from the protein by treatment with 
hydrochloric acid.* 

The experiments reported herein may be interpreted as indicating that the 
copper bound to the albumin can pass readily and rapidly into the red cell 
(pathway A) either in vivo or in vitro. Likewise, if the cells are exposed to the 
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radiocopper for a brief period of time (15 to 30 minutes), either in vivo or in 
vitro, 30 to 60 per cent of the erythrocyte copper can be transferred back to the 
plasma (pathway B). Since the copper moves freely between the plasma and 
the red cell, this fraction of the erythrocyte copper has been referred to as the 
“labile pool.” Its chemical nature is unknown. 

If the red cells are exposed to radiocopper for a period of 24 hours, only 
about 10 per cent of the activity in the erythrocytes moves from the eells to the 
plasma. This suggests that with time the copper in the cells (“labile pool’’) is 
transformed (pathway C) into a form (“stable pool’) which turns over more 
slowly (pathway D) or not at all. Whether or not pathway D exists las not been 
demonstrated. The suggestion that there are two different “pools” of erythrocyte 
copper is in keeping with our observations in copper-deficient swine,? which 
were mentioned earlier. 

The chemical nature of the “stable pool” is unknown. However, Mann and 
Keilin® isolated a copper protein from erythrocytes and it is possible that this 
protein (hemocuprein or erythrocuprein) is represented in the “stable pool.” 
Markowitz and associates® have shown that the copper protein (or proteins) 
of erythrocytes is immunologically distinet from ceruloplasmin. 

It would seem logical to assume that copper is incorporated into red cell 
precursors in the marrow (pathway E£) and that it enters red cells in this 
manner (pathway F’). However, to our knowledge studies on the copper content 
of nucleated red cells have not been performed. The short half-life of the copper 
isotope makes it impossible to conclusively demonstrate this pathway by this 
means. The fact that the radioactivity in the red cells, following the oral or 
intravenous administration of radiocopper (Figs. 1 and 2 and Table I), con- 
tinued to increase slightly at a time when the activity in the “copper-albumin 
fraction” of plasma is known to be negligible’ suggests that the red cells were 
being labeled to some extent in the marrow even in this brief period of time. 
When copper was added to plasma, no significant activity could be detected in 
ceruloplasmin. Thus, there seems to be no direct exchange of copper between 
“eopper-albumin” and ceruloplasmin and the copper must therefore be in- 
corporated into ceruloplasmin elsewhere (pathway G) and then discharged 
into the plasma (pathway H). The site of ceruloplasmin synthesis is unknown. 
Logically, this would be the liver, but this has not yet been demonstrated. 
Ceruloplasmin has been found in human liver in a low concentration,® but this 
does not prove that this is or is not where it is formed. 


SUMMARY 


The uptake and release of radiocopper (cupric®* acetate) from and into 
the plasma by erythrocytes have been studied. It has been demonstrated that 
the copper is taken up rapidly by erythrocytes from plasma under both in vivo 
and in vitro conditions. Red cells exposed either in vivo or in vitro to radio- 
copper for 15 to 30 minutes and then incubated with plasma allow 30 to 60 per 
cent of the activity to pass into the plasma. On the other hand, when they are 
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exposed to radiocopper for 24 hours and then ineubated with plasma, only 5 to 15 
per cent of the radioactivity passes into the plasma. When copper was added to 
plasma, no significant activity could-be detected in ceruloplasmin. 


The possible metabolic pathways of copper in the plasma and erythrocytes 
are discussed. 


We are indebted to Dr. Harold Markowitz for preparing the rabbit antihuman ceruio- 
plasmin serum. Misses Helen Ashenbrucker, Marilyn Jacobsen, and Doris Kurth gave 
valuable technical assistance. 
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A STUDY OF GAMMA GLOBULINS IN DYSTROPHIA MYOTONICA 
Horace H. ZINNEMAN, M.D., AND JEROME RorsTEIN, M.D. 
MINNEAPOLIS, MINN. 


HERE are three types of myotonia, all of them hereditary: myotonia con- 
genita, also known as Thomsen’s disease,! paramyotonia,? and dystrophia 
myotonica. This latter disease is the subject of this discussion. 

In addition to an increased muscular tone, this disease is characterized by 
muscular atrophy, testicular atrophy, cataracts, and frontal alopecia.*° It is 
inherited as a single dominant factor, modified by ‘‘ progressive inheritance’’ and 
‘‘anticipation,’’ an inerease in severity and an earlier age of onset in each sub- 
sequent generation.® 

The basal metabolic rate in these patients is low.*~® 

In 1945, Jacobson, Schultz, and Anderson’ studied the endocrine functions 
of 8 male patients with dystrophia myotonica at the Minneapolis Veterans Ad- 
ministration Hospital. They arrived at the conclusion that there is no evi- 
dence of a primary endocrine dysfunction in this disease but a gradual tissue 
atrophy involving the skeletal muscles and certain glandular structures. The 
basal metabolic rate was markedly reduced in all patients, with a mean of minus 
22.6 per cent. The serum cholesterol level, the uptake of radioactive iodine 
(I'*!), and the levels of protein-bound iodine were within normal limits. On 
the basis of these findings, the authors coneluded that the low basal metabolic 
rate in these euthyroid patients was most likely an expression of the loss of 
active tissue mass. The functions of the parathyroid glands and the adrenal 
cortex were considered to be normal. The testes, which were grossly atrophied, 
revealed degeneration and atrophy of the seminiferous tubules and preservation 
of the interstitial cells. The urinary excretion of 17-ketosteroids was reduced 
in 3 of 6 patients, but the urinary gonadotrophins were within normal range. 
There was no significant abnormality in the excretion of creatinine in the urine. 
Three of these patients had diabetes mellitus. 

Subsequent electrophoretic studies of the serum proteins of these and 4 
additional patients with dystrophia myotonica revealed a marked diminution 
of the gamma globulin fraction in the majority of the subjects and an inerease 
of beta globulins above the accepted normal level. It appeared worth while to 
investigate this abnormality and to attempt to elucidate some of the under- 
lying metabolic changes. 

MATERIALS AND METHODS 


The serum proteins of 12 patients with dystrophia myotonica were examined by means 
of electrophoresis. Ten of these patients were men, two women. Metabolic studies on 8 
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of these patients have been reported elsewhere by Jacobson and his group.? The apparatus 
used for electrophoresis was a portable model for free electrophoresis;* it was operated at 
10 milliamperes, and 100 minutes were allowed for separation. A Veronal buffer was used 
at the pH of 8.6 and ionic strength of 0.1. 

Three of these patients were challenged immunologically by subcutaneous injection 
of 0.08 mg. each of the polysaccharides of Diplococcus pnewmoniac, Types I and IT,t and 
0.5 ml. of typhoid-paratyphoid vaccine.t Normal adult controls were challenged with 
identical doses. Precipitins for the polysaccharides of D. pnewmoniae were measured after 
three weeks by an adaptation of a method previously described by Zinneman and Hall.10 The 
agglutination of the Salmonella typhosa O and H antigens and those of Salmonella paratyphi 
and Salmonella Schottmiilleri were determined by the rapid slide method of Diamond.11 

‘Six patients were available for the determination of the disappearance rate of pooled 
normal human albumin and gamma globulin labeled with radioactive iodine (1131) as 
described by Sterling.12 The uptake of iodine by the thyroid gland was blocked by means 
of oral administration of Lugol’s solution for a period starting two days prior to the 
onset and extending to the tenth day of the experiment. Seventy microcuries of the labeled 
substance were administered intravenously. Blood samples were drawn into heparinized tubes 
after 10 minutes, 24 hours, 2 days, 3 days, and thence every other day through the thirteenth 
day following injection of the material. The counting procedures were described previously 
by Schultz and his group.1* A semilogarithmic plot of the corrected count per milliliter of 
plasma per minute was made against time.12-14 A period of 3 to 5 days was allowed for 
the equilibration of the labeled proteins between the patients’ intravascular and extravascular 
protein reservoirs.14-16 The counts obtained after that period could be plotted on a straight 
line and were considered representative for the disappearance rate of the respective protein. 

The determinations of the disappearance rates of the 1151-tagged albumin and gamma 
globulin were not performed simultaneously but at intervals of at least 6 weeks.§ Each 
lot of the tagged material was used for the determination of disappearance rates in normal 
controls as well as in patients with dystrophia myotonica. 


y 
TABLE I. SERUM PROTEINS IN 12 PATIENTS WITH DyYSTROPHIA MWOTONICA, OBTAINED BY FREE 
ELECTROPHORESIS 











PATIENT | GLOBULINS 
NO. ALBUMIN ALPHA, ALPHA, | OTs | GAMMA 
4.9 13.6 3 6.3 
8.2 12.7 5 6.5 
6.9 11. 3: 114 
a2 is: 6 6.0 
5.9 10. 35 16.0 
4.9 16. 2 6.3 
4.8 bea: ; 5.9 
3.4 15. 2.$ be 
Y Bs ih f 
4.4 8, 
ise 14.: 
7.6 12.4 
5.9 12.6 


The values given are expressed as per cent of the total serum proteins. 
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RESULTS 
The blood sera of 12 patients with dystrophia myotonica were examined 
by means of free electrophoresis. This method is preferable to paper electro- 


*Made by the American Instrument Company. 
+Supplied by Dr. Lawrence Hobson, Squibb & Company, 745 Fifth Avenue, New York, 
: 


tLederle. 
§The tagged material was obtained commercially from Abbott Laboratories, Chicago, III. 
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phoresis, since it produces a more aceurate value for the gamma globulin frae- 
tion. The values for total proteins were within normal limits. The levels for 
gamma globulin ranged from 5.89 per cent to 16.9 per cent of the total serum 
protein. In seven of these 12 patients, the gamma globulin level was below 
the accepted normal range and the mean value was 9.42 per cent (Table I). 








Ai 3efore immunization. ; B. After immunization. 
Fig. 1.—The electrophoretic pattern of the serum of Patient 1, A, before and B, three 


weeks after immunization with 0.08 mg. each of the polysaccharides of Diplococcus pneumoniae, 
Types I and II, and with 0.5 ml. of typhoid-paratyphoid vaccine. 








b Ul 6 Ay a, Alb. | ’) 7 B ap a, Alb. 


bad 


A, 3efore immunization. B. After immunization. 


Vig. 2.—The electrophoretic pattern of the serum of Patient 2, A, before and B, three 
weeks after immunization with 0.08 mg. each of the polysaccharides of Diplococcus pneu- 
moniae, Types I and II, and with 0.5 ml. of typhoid-paratyphoid vaccine. 


There was no relation between the extent and severity of the disease and the 
amount of gamma globulin in the serum of these patients. The values for beta 
globulin were elevated in all patients, with a mean of 15.56 per cent. 
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Number 


Three of the patients with abnormally low gamma globulin levels were 
available for immunologic studies. Upon challenge with the polysaccharides of 
D. pneumoniae, Types I and II, there was an adequate antibody response (Table 
II). However the response to ehallenge with typhoid-paratyphoid vaccine was 
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A. Before immunization. B. After immunization. 
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Fig. 3.—The electrophoretic pattern of the serum of Patient 7, A, before and B, three 
weeks after immunization with 0.08 mg. each of the polysaccharides of Diplococcus pneu- 
monide, Types I and II, and with 0.5 ml. of typhoid-paratyphoid vaccine. 


ff 8 Qo a, Alb. 
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Fig. 4.—The electrophoretic pattern of the serum of a patient with dystrophia myotonica who 
succumbed to multiple myeloma. The pattern is typical for multiple myeloma. 


less than that of the normal controls (Table III). It also is noteworthy that 
Patients 1 and 2 had poor antibody titers prior to this immunization, although 


they, as well as the normal adult controls, had been challenged previously 
with the same antigens. 
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Electrophoretic determination of the serum proteins three weeks after 
immunization, simultaneously with the estimation of antibodies, showed a con- 
siderable increase in the gamma globulin fraction in all three patients (Table 
IV and Figs. 1 to 3). 

These data indicate that the gamma globtlin fraction in patients with 
dystrophia mytonica tends to be low but that antigenic challenges result in a 
rise of gamma globulin to normal values. Thus a patient with dystrophia 
myotonica may have a normal gamma globulin level on one occasion and below 
the normal*range at another time. 

One patient with dystrophia myotonica, who was not included in this group 
and who succumbed to multiple myeloma, presented a typical ‘‘gamma pattern”’ 
of that disease (Fig. 4). 

TABLE III. AGGLUTININ TITERS IN SERA OF THREE PATIENTS WITH DySTROPHIA MYOTONICA 
AND THREE NORMAL ADULTS BEFORE AND AFTER IMMUNIZATION WITH ONE DOSE OF 0.5 ML. 


OF TYPHOID-PARATYPHOID VACCINE. ALL SUBJECTS HAD RECEIVED PREVIOUS 
IMMUNIZATIONS WITH THE SAME ANTIGENS 








l . l ‘THREE WEEKS AFTER 
SERUM PRIOR TO IMMUNIZATION | IMMUNIZATION 
DILUTION 1:20 | 1:40 | 1:80 |1:160 |1:320] 1:20 | 1:40 | 1:80 |1:160 |1:320 
Patient Antigen 
1 Ty. H 
Ty. O 
S. Parat. 
S. Schottm. 


ay. 2 

Ty. O 

S. Parat. 
S. Schottm. 


Ty. H 

Ty. O 

S. Parat, 
S. Sechottm. 
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Control 
D Ty. H 
Ty. O 
S. Parat. 
S. Schottm. 


Ty. H 

ty. 0 

S. Parat. 
S. Sehottm. 


Ty. H 

ty. O 

S. Parat, 
S. Sehottm. 
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TABLE IV. ELECTROPHORETIC DETERMINATION OF SERUM PROTEINS IN THREE PATIENTS WITH 
DYSTROPHIA MyYoTonicA BEFORE AND THREE WEEKS AFTER IMMUNIZATION WITH TYPHOID- 
PARATYPHOID VACCINE AND 0.08 MG. OF THE POLYSACCHARIDES OF PNEUMOCOCCUS, 
TypPEs I anp II 





BEFORE IMMUNIZATION THREE WEEKS AFTER IMMUNIZATION 
PATIENT] ALBUMIN | ALPHA, | ALPHA, | BETA |GAMMA | ALBUMIN | ALPHA, | ALPHA, | BETA |GAMMA 
60.4 4.9 13.6 14.9 6.2 46.8 fy | 11.0 20.2 14.9 
59.2 8.2 12.7 13.4 6.5 52.2 6.2 10.1 15.4 16.1 
60.1 4.8 12.5 16.7 5.9 54.7 5.9 12.9 15.9 10.6 
The values given are expressed as per cent of the total serum proteins. 
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Number 


Six Normal Adults Six Patients with Dystrophia Myotonica 
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Fig. 5.—Disappearance of I-labeled gamma globulin and albumin in six normal adults 
and six patients with dystrophia myotonica. A semilogarithmic plot of the corrected count 
per milliliter of plasma per minute was made against time. The ordinate indicates the counts 
in thousands. The black unbroken line represents the disappearance of intravenously injected 
L-Jabeled human gamma globulin, whereas the interrupted line represents that of intra- 
venously injected I"!-labeled human albumin. 
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The above findings offer little indication that the production of gamma 
globulin might be diminished in patients suffering of dystrophia myotonieca. 
Thus an investigation of the disappearance rate of the serum proteins seemed 
in order. Six patients with dystrophia myotonica and six normal adults were 
available for this study. 

The disappearance rate of the injected radioactively-labeled human serum 
albumin was similar in normal adults and patients with dystrophia myotonica, 
with a mean I**'-half-life of 10.2 days in dystrophia myotonica and 9.6 days in 
the normal adults (Table V). There was a marked difference between the two 
groups in the disappearance rate of radioactively-labeled gamma globulin. In 
the patients with dystrophia myotonica, the gamma globulin had a shortened 
disappearance rate with a mean I'*!-half-life of 7.6 days, whereas in the normal 
adults the mean was 10.5 days. Fig. 5 represents the disappearance curves of 
I's!_labeled albumin and gamma globulin in the six patients and their six con- 
trols. These data suggest that the low gamma globulin levels frequently found 
in patients with dystrophia myotonica were the result of an accelerated disap- 
pearance rate for gamma globulin. 

TABLE V. THE DISAPPEARANCE OF INTRAVENOUSLY INJECTED, I131-LABELED HUMAN SERUM 


ALBUMIN AND GAMMA GLOBULIN IN Srx PATIENTS WITH DysTROPHIA MYOTONICA 
AND Six NORMAL ADULTS 








HALF-LIFE OF HUMAN 1131-GAMMA | HALE 
GLOBULIN IN DAYS 


LIFE OF HUMAN 1131-ALBUMIN 
IN DAYS 











Patient 
l 
4 
"4 
4 
5 
6 


Mean value 


11.8 
1 


3) 


o> 


DD 


9.8 
9.7 
10.5 
6.9 


~I-1 


|; Oto 





| 
| 
| 


S| de Stet OH 





~] 
— 
| o 


| 
| 
| 





Control 
G 
H 
I 
K 
D 
L 


Mean value 








DISCUSSION 


Seven of a group of 12 patients with dystrophia myotonica had abnormally 
low levels of gamma globulin in the serum of their blood. There also was an 
increase of beta globulin in each patient. Upon immunization of three of these 
patients with the polysaccharides of D. pneumoniae, Types I and II, and ecom- 
mercially obtained typhoid-paratyphoid vaccine, the gamma globulins in the 
serum of these same patients increased to values which reached the upper limits 
of normal. 

These data suggest that a patient with dystrophia myotonica may tend to 
have low levels of gamma globulin in his serum, although this may not neces- 
sarily be evident at all times. Since antigenic stimulation in three of the 
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patients resulted in a considerable rise of the serum gamma globulin, it is un- 
likely that a low level of gamma globulin in the serum of a patient with dys- 
trophia myotonica is the result of a defect in the production of this protein. 
Studies with I’**-labeled human gamma globulin in six of these patients re- 
vealed a marked and highly significant shortening of the disappearance rate of 
gamma globulin when compared to six normal adult controls. These same pa- 
tients metabolized I'*'-labeled human serum albumin at a normal rate. There 
was no relation between the concentration of gamma globulin in the serum and 
the inereased disappearance of I'*!-gamma globulin in the six patients. It 
has been stated, that I'*! alters the metabolic behavior of proteins.’ Such a 
change might invalidate absolute measurements. This study, however, com- 
pares the disappearance rate of I'*!-labeled protein fractions in two groups of 
subjects, and its results retain their significance by comparison of the two groups. 
Disappearance rates of human alpha and beta globulins were not determined. 
However, such determinations would have been desirable, particularly since the 
levels of beta globulin exceeded normal values. 

Dixon and his group’® presented evidence that the disappearance rate of 
gamma globulin varies inversely with the basal metabolic rate of an individual. 
By means of injection of thyroxin they obtained a decrease of the disappear- 
ance rate of gamma globulin. This concept does not apply to the patients with 
dystrophia myotonica. The constantly low values of the basal metabolic rate 
in these patients are not the result of an ineffective thyroid gland but probably 
are caused by the loss of active tissues.'* 


The selective abnormality of the disappearance rate suggests an abnormality 
of the metabolism of gamma globulin, which is not shared by serum albumin. 
The investigation of products of breakdown of the serum globulins in the urine 
of these patients might give further evidence concerning the nature of this 
metabolic abnormality. Studies to this effect have been initiated. 


SUMMARY 


Patients with dystrophia myotonica have a tendency to low gamma glob- 
ulin and elevated beta globulin levels in the electrophoretic pattern of their 
serum proteins. Antigenic challenges resulted in an increase of serum gamma 
globulin and suggest that the low gamma globulin levels were not an expression 
of a defect in the production of this protein. Disappearance studies with I'*'- 
labeled normal human albumin and gamma globulin showed that the time was 
shortened for the disappearance of gamma globulin in these patients, whereas 
that for albumin was normal. It thus appears that the low serum levels of 
gamma globulin in patients with dystrophia myotonica are the expression of 
an abnormality of the metabolism of this protein. 

We are indebted to Dr. L. Zieve for his advice in the disappearance studies with 
1131-labeled proteins and to Miss Janet Johnson for valuable technical assistance. 
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THE MINERAL AND WATER COMPOSITION OF NORMAL 
HUMAN SPERM 
H. G. Kerre., M.D., anp H. 8S. Jongs, B.S. 
BETHESDA, Mp. 


HE mineral and water composition of the seminal and prostatic fluids have 
been determined, but no data are available concerning human sperm com- 
position.t. In the present study spermatozoa were isolated relatively free of 
the extracellular phase, permitting a determination of the mineral and water 
content of these cells. 
METHOD 


Ejaculates obtained from normal donors were collected in 5 ml. tapered test tubes, 
which were stoppered and centrifuged at 4,100 r.p.m. for 40 minutes at 20° C. Three rela- 
tively distinct layers were found after centrifugation: an upper slightly opalescent, a 
middle translucent, and a small, white, opaque bottom layer. Microscopic examination 
revealed tightly packed, highly active sperm cells, and an occasional prostatic concretion 
in the bottom layer (cell layer) and no formed elements in the other layers. Each layer 
was weighed separately, dried overnight at 105° C. and the electrolytes were extracted 
with 10 ml. of mineral-free 0.75 N HNO, overnight. The methods employed for the chem- 
ical analysis are described in detail elsewhere.2 The freezing point apparatus of Bowman 
was used to determine the osmolality. The symbol mOsml, is used to designate the milli- 
osmolality, as specified by Bowman.3 

T-1824 (Evans blue) added before centrifugation to fresh specimens of semen was 
concentrated in the extracellular phase, only a trace being visible in the cell layer. The 
quantity of extracellular fluid in red blood cell specimens compacted under conditions 
similar to those used in this study was less than 3 per cent by volume.2 


RESULTS 


Table I lists the composition of partitioned human semen and Fig. 1 com- 
pares the mineral anatomy of normal human sperm, blood plasma, red cells, 
and muscle cells. The sodium plus potassium concentrations is similar in all 
phases. The osmolality of cell-free semen and of semen containing predom- 
inantly sperm cells was 296 mOsm. The solute concentration of blood plasma 
obtained concurrently was 288 mOsm. 

The concentrations of sodium and potassium of spermatozoa is unusual 
when compared to the mineral composition of many other human eells. How- 
ever, sodium is the dominant monovalent cation in the red cells of many mam- 
mals.‘ 

In spite of the low potassium content of spermatozoa, these cells have a 
phosphorus content which is about equal to that of musele.® The chloride con- 
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tent of spermatozoa is intermediate between the relatively high concentration 
found in red and white cells” ® and the concentration of other cells where it is 
probably low,’ or virtually absent.’ The low CO, content of spermatozoa is 
similar to that found in skeletal muscle cells.” 
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SPERMATAZOA MUSCLE RED BLOOD EXTRACELL- PLASMA 
CELLS CELLS ULAR SEMEN 


Fig. 1.—Concentration of sodium. potassium, chloride, COz, and phosphorus in the water 
of human spermatozoa, muscle (as calculated by the chloride space method), red blood cells, 
and extracellular semen and plasma. X = Unmeasured anions. 
























































The extracellular fluid of sperm cells is very similar to the ionie composi- 
tion of the cell fluid itself, containing a high concentration of sodium chloride 
and phosphorus and a relatively low coneentration of potassium and COQ,. 


TABLE I. THE WATER AND MINERAL COMPOSITION OF SEMEN 








| | Na PLUS K 
| GM./KG. MM. PER KG. MM. PER KG. 
LAYER | H,0 | cl | P | co, H,0 mOsm. 
1 Upper 936 34 39 «11.5 167 
Middle 900 2 33 39 9.7 160 
Cell 844 28 52 10.8 165 


Upper and middle 913 36.3 35 eb RL 163 
Cell 822 31.4 47 10.3 169 
Plasma 


Upper 940 ¢ 30 156 
Middle 878 36 158 
Cell 828 39 186 





OBSV. | 











Volume ’ MINERAL AND WATER COMPOSITION OF HUMAN SPERM 


Number 


REFERENCES 


. Lundquist, F.: Aspects of the Biochemistry of Human Semen, Acta physiol. scand. 
Supp. 66, 1949. 

2. Keitel, H. G., Berman, H., and Jones, H.: The Chemical Composition of Normal Human 
Red Blood Cells Including Variability Among Centrifuged Cells, Blood 10: 370, 1955. 

3. Bowman, R. L., Trantham, H, V., and Caulfield, P. A.: An Instrument and Method for 
Rapid, Dependable Determination of Freezing Point Depression, J. Las. & CLIN. 
MED, 43: 310, 1954. 

. Ponder, Eric: The Mammalian Red Cell and the Properties of Haemolytic Systems, 
Berlin, 1934, Gebruder Borntraeger. 

. Baldwin, D., Robinson, P. K., Zierler, K. L., and Lilienthal, J. L., Jr.: Interrelations 
of Magnesium, Potassium, Phosphorus and Creatine in Skeletal Muscle of Man, 
J. Clin, Invest. 31: 850, 1952. 

3. Wilson, D. L., and Manery, J. F.: The Permeability of Rabbit Leucocytes to Sodium, 
Potassium and Chloride, J. Cell. & Comp. Physiol. 34: 493, 1949. 

. Walser, M., and Bodenlos, L. J.: Composition of Skin as Compared With Muscle, Am. 
J. Physiol. 178: 91, 1954. 

3. Yannet, H., and Darrow, D. C.: The Effect of Depletion of Extracellular Electrolytes 
on the Chemical Composition of Skeletal Muscle, Liver and Cardiac Muscle, J. 
Biol. Chem. 134: 721, 1940. 

9. Crisman, J. M., Crismon, C. S., Calabresi, M., and Darrow, D. C.: Electrolyte Redis- 
tribution in Cat Heart and Skeletal Muscle in Postassium Poisoning, Am. J. 
Physiol, 139: 667, 1943. 

. Amberson, W. R., Nash, T. P., Mulder, A. G., and Binns, D.: The Relationship Between 
Tissue Chloride and Plasma Chloride, Am. J. Physiol. 122: 224, 1938. 

. Talbot, N. B., Lowry, O. H., and Astwood, E. B.: Influence of Estrogens on the 
Electrolyte Pattern of the Immature Rat Uterus, J. Biol. Chem. 132: 1, 1940. 

2. Cotlove, E.: Mechanism and Extent of Distribution of Inulin and Sucrose in Chloride 
Space of Tissues, Am. J. Physiol. 176: 396, 1954. 

3. Wallace, W. M., and Hastings, A. B.: The Distribution of the Bicarbonate Ion in Mam- 
malian Muscle, J. Biol. Chem. 144: 637, 1942. 





BLOOD GROUP FREQUENCIES TABLES 


SIDNEY J. KLEIN, PH.D. 
Los ANGELES, CALIF. 


HE following tables are presented for potential value as blood-bank desk 
references. No claim is made for originality of data; sources are appro- 
priately credited. The original presentations have been reassorted and condensed 
with a view to simplification, comprehensibility, and more ready application. 


Recaleulations have been required to incorporate corrected values for blood 


group frequencies which have appeared in more recent publications. The tables 
are self-explanatory and require no supplementary text. 


3L0C 


TABLE I. THE Rh 








Rh ANTISERUMS _ 
“PHENOTYPE”™* | ANTI-D l ANTI-C l 

FISHER- FREQUENCYt |  ANTI-Rhy | ANTI-rh’ =| ANTI-rh” 

RACE WIENER (%) (83%) (68% ) (29%) 

cde rh 15.1 _ 0 - 

Cde rh’ 0.8 0 + 











edE ' 0.9 0 0 


CdE 


Rh, 


CDE Rh,Rh, 
(R*) 





*As defined by testing with serums anti-D, anti-C, and anti-E only. 
7Condensed from table of calculated group frequencies given by Race and Sanger, Blood 
Groups in Man, 1954, from data obtained on English people. 
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TABLE LA. Rh Suserour INCOMPATIBILITY AMONG D-PosITIVE BLOoopS* 








| | 


| PROBABILITY OF 


TWO CONSECUTIVE 
INCIDENCE OF FRACTION OF Rh- OFFENSES WITH 
FACTOR IN Rh- POSITIVE RECIPIENTS PROBABILITY OF Rh INCOMPATIBLE 
FACTOR POSITIVE DONORS WHO LACK FACTOR INCOMPATIBILITY DONORS 
f (1-f) f (1-f) f2 (1-f) 
C 0.806 0.194 0.156 0.126 
E 0.333 0.667 0.222 0.074 
Cc 0.774 0.226 0.175 0.135 
d 0.580 0.420 0.244 0.142 
e 0.970 0.030 0.029 0.028 
Values for “‘f’” based on data in Table I, corrected to include alternate genotypes possi- 
ble: CDe/cde 32.7 per cent, CDe/cdE 1.5 per cent. 
f = >f'/0.832, where =f’ = sum of frequencies in D-positive groups, and 0.832 = fre- 
quency of D-positive bloods. : i 
*This table shows the frequency with which Rh-positive persons compatible in respect 
to the D(Rho) factor are incompatible in respect to other Rh factors. Since a first offense 
can only sensitize the recipient, at least two offenses are required for theoretical risk of 
transfusion reaction. 


| 
| 
| 
| 








3L00D GROUPS 








HE Rh Hr ANTISERUMS 
GENOTYPE ANTI-d ANTI-€ | ANTI-e 
FISHER- | FREQUENCY t ANTI-HYo ANTI-hr’ ANTI-hr”’ 
RACE (%) (81%) (98%) 
cde/ede 15 * 
Cde/Cde 0.01 
Cde/ede 0.8 
edE/edE 0.01 
edE/ede 0.9 
CdE/CdE 0.00$ 
CdE/cedE 0.00 
CdE/Cde 0.00 
cdE/Cdet 0.02 
eDe/eDe 0.1 
ceDe/ede 2.0 
CDe/CDe aN 
CDe/Cde 0.8 
CDe/eDe 2.2 
CDe/ede} 32 
eDE/cDE 2.0 
eDE/edE 0.3 
eDE/cDe 0.7 
eDE/edet 11.0 
CDE/CDE 0.00 
CDE/cDE 0.07 
CDE/CdE 0.00 
CDE/CDe 0.2 
CDE/edEt 0.01 
CDE/Cde}t 0.00 
CDe/eDE}t 12 
CDe/cdEt 1.0 
tIn these cases, where the individual is heterozygous to two or more pairs of genes, 
there is more than one genotype possible. Only the most frequent genotype is listed; the 


alternative genotypes are highly improbable in all cases except CDe/cdE (alternative proba- 
bility 0.5 per cent) and CDe/cde, 0.7 per cent. 


§0.00 Indicates frequency less than 0.005 per cent. 
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ELECTROPHORETIC DISTRIBUTION OF SERUM GLYCOPROTEINS 
IN SOME HEMORRHAGIC STATES 
Sergio I, MaGauint, M.D.,* Mario STEFANINI, M.D.,** MARGARIDA NOGUEIRA 
DE MAGALHAEs, M.D.,*** Bast ANGELOPOULOS, M.D.,**** aNpb 
STEN Kistner, M.D.***** 
Boston, Mass. 


INTRODUCTION 


at of the concentration and electrophoretic mobility of serum glyco- 
proteins appear important in the diagnosis of various diseases.* * 7 §-1% 15 18 
In addition, changes in electrophoretic migration of glycoproteins have -been 
reported to follow experimental immunization of animals,?° suggesting that 
they may be indicative of immunologic processes. It was then thought of pos- 
sible interest to study the behavior of glycoproteins in idiopathic thrombocyto- 
penie purpura (and related states) and anaphylactoid purpura, conditions © 
which may be, in many instances, immunologic in nature.’® This study seemed 
logical also because it has been previously reported by Bernfeld and Stefanini’ 
that a faster migrating a,-globulin (ax) may be found by classical Tiselius 
analysis in the sera of some patients, with idiopathic or secondary thromboeyto- 
penia and with anaphylactoid purpura. This finding cannot be duplicated by 
analysis on paper, probably because of the small quantitative importance of the 
phenomenon. It suggests, however, the presence of slight abnormalities in 
electrophoretic migration of proteins in such diseases. 


MATERIALS AND METHODS 


a. Subjects.—Electrophoretic migration of serum glycoproteins was studied in 8 
healthy, fasting individuals, to establish average normal values with the technique used. 
In addition, glycoproteins were investigated in 5 patients with ‘‘collagen diseases’’ (4 with 
systemic lupus erythematosus and 1 with polyarteritis nodosa), where important abnor- 
malities of electrophoretic mobility of glycoproteins have already been reported.4,9 These 
preliminary studies were done primarily to check the reliability of the technique used in 
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In this experimental series, 46 individual specimens of serum were studied, distributed 
as follows: 33 cases of idiopathic thrombocytopenic purpura; 2 cases of thrombohemolytie 
thrombocytopenic purpura (thrombotic thrombocytopenic purpura), 5 cases of anaphylac- 
toid purpura (Henoch-Schénlein), 4 cases of quinidine induced thrombocytopenic purpura, 1 
ease of combined anaphylactoid and idiopathic thrombocytopenic purpura, and 1 case of severe 
thrombocytopenia caused by the development of platelet agglutinins in one patient with 
prostatatic carcinoma.2° Diagnosis was established in all instances by clinical, hematologic 
and biopsy or autopsy studies. 

b. Determination of Electrophoretic Mobility of Proteins and Glycoproteins.—The follow- 
ing technique was used. A sheet of Whatman No. 3 filter paper was divided into 2 sec- 
tions by means of longitudinal pencil lines. A constant volume of serum was applied in a 
straight line across one of the strips and a double volume across the other strip using 
capillary pipettes of standard bore. Migration of protein was carried out according to 
Durrum.3 After migration, the paper sheet was divided by cutting along the pencil lines. 
Proteins were stained according to Durrum’; glycoproteins (double volume strips), by 
K6iw’s technique.6 Percentage distribution of the various fractions was determined after 
staining by direct photometric reading of each dry strip in a Photovolt Model 525.* 
Filter 575 for proteins; Filter 545 for protein-bound carbohydrates were used.t Read- 
ings obtained were plotted on graph paper (1 mm. division), with use of the same starting 
point. Percentage areas were calculated with the use of a compensating planimeter. 

Lipoproteins were studied at the same time according to the technique of Durrum.3 
Results are not included in this article since no significant changes were found. 


c. Platelet Agglutination Tests——These were performed when mentioned by the ob- 
servation of the agglutinating effect of the inactivated and decalcified serum under study 
against several suspensions of platelets from donor of red cell group O, either in their own 
plasma or in saline solution. These techniques have been described in detail elsewhere.?1 


RESULTS 


a. Healthy Subjects (Figs. 1 and 1A, Table I).—Percentage values ob- 
tained for proteins were not corrected to agree with chemical methods. Since 
this is in essence a comparative study of electrophoretic behavior of proteins 
in normal versus abnormal sera, it was thought that little could be gained by 
correcting all values to agree with other techniques, like elution of strips. 
Our results, however, were in agreement with those reported by other inves- 
tigators when comparable techniques were used. Percentage values for mi- 
gration of protein-bound carbohydrates as studied with K6iw’s method did 
not seem available in the literature. Our findings agreed closely with those 
obtained with chemical procedures.” 1% *4 


b. Patients With Collagen Diseases (Figs. 2 and 2A).—Four eases of sys- 
temic lupus erythematosus and one ease of polyarteritis nodosa were studied 
(Table II). Serum proteins showed typically decreased albumin and a-globulin 
fractions and increased y-globulin fraction. Carbohydrates were decreased in 
the albumin and a-globulin fraction and greatly increased in the y-globulin 
fraction. These results confirmed previous observations,* * thereby, as men- 
tioned, serving as a check of our own experimental technique. One case of 
systemic lupus erythematosus presenting as acute acquired autoimmune hemo- 
lytic anemia (Fig. 2) was studied after hematologic and clinical remission in- 


*Photovolt Corporation, New York City. 


_ tReadings were done as soon as the stained strips were dry, to avoid diffusion of the 
stain to the entire strip. It has been found recently, however, that this precaution is not 
necessary if strips are kept in sealed paper envelopes at 4°C. These strips have given constant 
readings as long as one month after their original staining. 
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duced by treatment with cortisone. As shown in Table II, remission was fol- 
lowed by a return of glycoproteins toward normal values, with a considerable 
decrease of y-globulin-bound and corresponding increase of albumin-bound 
and a,-globulin-bound carbohydrates. Thus, it appeared that the behavior of 
glycoproteins could be taken to express the activity of the disease. 


Proteins 


Glycoproteins 


Fig. 1.—Electrophoretic migration of serum proteins and glycoproteins in normal subject. 
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Fig. 1A.—Electrophoretic distribution of serum proteins and glycoproteins in normal subjects 
(semischematic). 


ce. Idiopathic Thrombocytopenic Purpura (Figs. 3, A and B, and 4).—Thirty- 
three cases of idiopathic thrombocytopenic purpura were studied in this series, 
25 in active phase and 10 in phase of remission (Table III). There were no 
significant changes of serum proteins in active phase of the disease. Glyco- 
proteins, however, were most abundant in the albumin fraction and also vari- 
ably increased in the y-globulin fraction. There was no relation of the changes 
observed to the type (acute or chronic) of the disease, or the presence or ab- 
sence of platelet agglutinins. Also, no changes were observed in cases of 








O'8L O'0¢ oc 0'8 O'LL | 0 0 "W ‘SP TT 
Bsopou SIZI10yABATOg "a 
0°0€ oeg O'OL 08 00 0'0F oe UOISSTUOY 
0°98 0°¢Z Oz Oe 02 0 oe eseyd oynoy 
‘A “bE “OPN ‘H 
00g 0'0F 00g 06 0'°0z 0's Ze ‘a ‘oe “H'H 
ogee 0°02 0°S3 OST OSL 0°02 00 ‘W ‘oo “W'S 
oes GST 0'0F 61Z 0°cT ove 9°8 “a ‘9c aT 
SN}BVUIWESSIP sns 
-oyeuayyAia sndny ‘vy 


6. 


J. Lab. & Clin. Med. 





(%) (%) (%) (%) | (%) | (%) (%) | (%) (%) 
SNIALOYd | SNIALOUd | SNIGLOUd | SNIMLOUd | SNIGLOUd | SNIGLOYd | SNIALOYd | SNIALOYd | SNIDLOUd 
-OOXTD -OO KID | -OOAID | -OO KID | -OOAID 











NIWOATV 








SNITOAOTD 

















, SASVASIC, NADVTION,, NI SNIGDLOUMOOATY GNV SNIDLOUG WAUAG JO NOILAAIMLSIC OMLAYOHdOULOATY “TT ATaV GL 


‘ 





oS FI 09°06 OF SE 00°06 Xp | i |) Se 90°CT 86 4 SON[BA ISRIBAV 








CSI C'9Z CLE st StS 9! W ‘9g e8y *8 
FOL FSS g'0¢ OT 9'FS rane W ‘8g ey *L 
9°61 9'9T 83k O'LT 0 ¥'°6 ‘BF ABV 9 
CFL 212 e'8e 0°Ss 0 611 8" “63 98V O'S 
OI CLT 0'6F 0°96 OST 0 ‘Fe osy 'F 
9 LT O'LT Z'6 S13 261 Lt CLT ‘8g O8V 
OFT OST 62 OST CFS 06 ZOr Zo 88V SZ 
0'OL LEZ 0'0F C'6T ' 0°OT er 0°01 ‘ee osV oT 
(%) (%) (%) (%) (%) (%) | (%) (%) 


SNIXLOUd SNIQDLOUd SNIDLOUd SNIDLOUd SNIGLOYd | SNIWDLOUd SNIGLOUd SNIQLOYd | SNIDLOUd | SNIQLOUd 
| | 
| ep 











-OOKTD -OOATO -OOATD -OOXTD | -OOATD 








| 'p | NIWOTV 


d 





SNITOSOTD 














SIVOCTAICNT AHLIVAH JO dour) V NI SNIGLOYMOOATY) GNV SNIDLOYUG WOAYKAS AO NOILOGINLSIC(, OILAWOHdONLOATOL “I WTav 





ve 4 SERUM GLYCOPROTEIN ELECTROPHORETIC DISTRIBUTION 997 
Number 0 

secondary thrombocytepenia due to leukemia or aplastic anemia. The ob- 
served pattern was quite predictable and appeared in 20 of 25 eases. A few 
exceptions were, however, found. Thus in Patient 28, glycoproteins were 
found to migrate with the y-globulin rather than with the albumin fraction. 
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i, 


Glycoproteins 


Fig. 2 Islectrophoretic migration of serum proteins and glycoproteins in patient with lupus 


erythematosus disseminatus presenting as acute acquired autoimmune hemolytic anemia. 
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5 10 15 Centimetres 
Fig. 24.—Electrophoretic distribution of serum proteins and glycoproteins in patients with 
systemic lupus erythematosus (semischematic). 

Patient 2, pregnant, showed normal glycoprotein distribution, a finding of 
particular interest because glycoproteins are found predominantly in the al- 
bumin fraction during gestation.1* Another apparent exception (Patient 27) 
will be discussed later. No satisfactory explanation can be offered for these 
anomalous findings. 
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SERUM PROTEINS AND GLYCOPROTEINS IN PATIENTS 
ACTIVE PHASE OF THE DISEASE AND IN REMISSION 
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Fig. 3.—A, Electrophoretic migration of serum proteins and glycoproteins in patient with 


acute idiopathic thrombocytopenic purpura. 8B, IKlectrophoretic migration of serum. proteins 
and glycoproteins in same patient after remission induced by splenectomy. 
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Fig. 4.—Electrophoretic distribution of serum proteins and glycoproteins in patients with 
active idiopathic thrombocytopenic purpura (semischematic). 
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Ten cases were studied after remission, either spontaneous or induced by 
splenectomy or steroid therapy. Since most patients represented referral 
cases, it was possible in only two instances (Patients 3 and 8) to obtain electro- 
phoretie patterns before and after remission induced by therapy or occurring 
spontaneously. The remaining eight cases represented patients who had come 
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5.—Electrophoretic migration of serum proteins and glycoproteins in patient with quini- 
dine-induced thrombocytopenic purpura. 
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Fig. 5A.—Electrophoretic distribution of serum proteins and glycoproteins in patients with 
drug-induced (quinidine) thrombocytopenic purpura (semischematic). 
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under our observation after remission only, or in whom no glycoprotein pat- 
tern was taken during the active phase of the disease. In all cases which were 
investigated, carbohydrates were still found preferentially in the albumin frac- 
tion, while the percentage found in the y-globulin fraction had reverted to 
normal. Changes in migration of glycoproteins following remission were again 
unrelated to the severity, type (acute or chronic), or duration of the original 
disease. Of particular significance in this respect is Patient 32 (W. F.). This 
15-year-old boy suffered from acute thrombocytopenic purpura in 1951. 
Thrombocytopenia lasted only for a period of 2 weeks and never reoccurred. 
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Glycoprotein migration pattern studied 4 years later, however, was identical 
to that observed in cases where remission had followed splenectomy or pro- 
longed steroid therapy. 


d. Drug-Induced (Quinidine) Thrombocytopenic Purpura (Figs. 5 and 
5A).—In four cases studied a significant relative rise in glycoproteins migrating 
with albumin was found (Table IV). One case was re-examined 6 months after 
remission. Although platelet antibody active against quinidine could no 
longer be demonstrated in vitro, the patient still presented the glyecprotein 
migration pattern found during the active phase of the disease. 


e. Thrombohemolytic Thrombocytopenic Purpura (Thrombotic Thrombocy- 
topenic Purpura).—Two eases only were available for study. Percentage figures 
of glycoproteins migrating with the y-globulin fraction were higher than nor- 
mal, markedly in one case and much less in the other. 

f. Anaphylactoid Purpura (Henoch-Schénlein).—Cases studied included 
four of the acute type (three in active phase, one in remission) and one chronic 
case (Table V). The first group showed moderate and variable percentage in- 
crease in the value of y-globulin-bound glycoproteins. The case of chronic 
anaphylactoid purpura showed considerable increase in the glycoproteins mi- 
grating with the albumin fraction. The limited number of cases in this series 
makes definite conclusions difficult. 

2. Miscellaneous Cases.—A patient with disseminated prostatic carcinoma de- 
veloped platelet agglutinins and severe thrombocytopenia.”° The only im- 
portant electrophoretic findings was considerable increase in the glycoproteins 
migrating with the y-globulin fraction. Another patient developed anaphylac- 
toid purpura and, shortly afterward, thrombocytopenic purpura as well. His 
serum showed slight but significant increase of glycoproteins in both albumin 
and y-globulin fractions. 

DISCUSSION 


The nature and composition of glycoproteins as determined with the tech- 
nique described in this article are uncertain. For the purpose of this work, they 
include all substances which are stained by fuchsin-sulphurous acid after re- 
duction with periodic acid. It is likely that all protein-bound polysaccharides 
give this typical colorimetric reaction. They may include compounds which 
are defined by other authors as mucoproteins, heparinoid substances, ete. This 
problem is under investigation presently. 

In any ease, as in other diseases (Table VI), determination of the electro- 
phoretie migration of glycoproteins may be of value in the diagnosis of some 
hemorrhagic states. As shown in this paper, typical glycoprotein migration 
patterns have been found in several bleeding disorders. Combined elevation 
of albumin and y-globulin-bound carbohydrates seems typical of active idio- 
pathic thrombocytopenic purpura, while isolated elevation in the albumin- 
bound or y-globulin-bound carbohydrates seems typical of drug-induced (quin- 
idine) thrombocytopenic purpura and of anaphylactoid purpura, respectively. 
These findings are of potential clinical importance. Thus, migration of glyco- 
proteins might be of help in distinguishing some varieties of acute anaphylac- 
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TABLE VI. CHANGES IN DISTRIBUTION OF GLYCOPROTEINS IN VARIOUS DISEASES 








| a-GLOBU- | B-GLOBU- | y-GLOBU- 
| METHODS | ALBUMIN LINS LINS LINS 


Anaphylactoid purpura, acute* Elph. ~ + 
Bacterial infection Chem. + 
Collagen diseases (4-9) Elph. 


Drug-induced thrombocytopenic pur- Elph. 
pura, quinidine* 





Idiopathic thrombocytopenic pur- 
pura* 
In relapse 
In remission Klph. 
Liver disease (5-8) Elph. 
Chem. 
Lymphoma (8) Eph. 
Malignancies (5, 10, 11, 12, 13, 18) Chem. 
Myeloma (8-9) Elph. 
Chem. 
Pregnaney (13-14) Chem. 
Rheumatic disease (7, 13, 16, 18) Elph. 
Chem, 
Sarcoidosis (7, 10, 11) Chem, 
Tuberculosis (10, 11, 13) Chem. 
Viral diseases (18) Chem, 
Elph. = electrophoretic methods. 
Chem. = chemical methods. 
+ = fraction in which carbohydrates are increased. 
—- = fraction in which carbohydrates are decreased. 
*Present article. 
7Depending on type of disease, whether f-— or y-myeloma. 





toid purpura from rheumatic fever, where glycoproteins are found preferen- 
tially in the a-globulin fraction.’ Also significant is the finding that electro- 
phoretie migration of glycoproteins in some hemorrhagic diseases differs strik- 
ingly from that observed in collagen disorders. Here, a very large percentage 
of carbohydrates migrates with the y-globulin fraction* °; moreover, there are 
significant alterations in the distribution of serum proteins, which are not 
found in hemorrhagie disorders. Consequently, glycoprotein studies may help 
in the diagnosis of collagen disorders when they present as thrombocytopenic 
or anaphylactoid purpura, as exemplified by the following ease. 


CASE REPORT 


I. P., a 55-year-old woman, developed purpura in June, 1954.* Physical examination 
was negative, with the exception of bleeding manifestations. Platelet count was 20,000 
per cubic millimeter (direct method), and hemostatic tests (tourniquet test, bleeding time, 
clot retraction, thromboplastin generation) were consistent with severe thrombocytopenia. 
Repeated L.E. tests were negative. Patient’s serum agglutinated normal platelets at a 
dilution of 1/4. Bone marrow aspiration showed increased number of megakaryocytes with 
many lymphoid forms, lack of cytoplasmic granularity and of surrounding platelets, and 
vacuolization of the nucleus, Repeated courses with steroid therapy succeeded in securing 


*We are indebted to Dr. Edward J. Marshall, of Waltham, Mass., for referring this case. 
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a temporary elevation of platelets only. Paper electrophoretic analysis of serum (Patient 
1, Table IT) in May, 1955, showed increase in y-globulin fraction and predominance of 
glycoproteins in the y-globulin fraction. Only a small percentage of glycoproteins was 
present in the albumin fraction. On the basis of the results presented in this paper, such 
finding suggested that the diagnosis of idiopathic thrombocytopenic purpura was unlikely 
and favored collagen disease, with thrombocytopenia as the presenting symptom. Due to 
recurrent bleeding, notwithstanding prolonged steroid therapy, splenectomy was performed 
in July, 1955. Pathologie findings were superficially consistent with idiopathic thrombo- 
cytopenic purpura. A few atypical features, however, raised the question of secondary 
type, such as fibrinoid necrosis of a few follicles and presence of a few large reticulum cells 
in mitosis, Platelet count was temporarily elevated and steroid therapy suspended. 
Twenty days later, purpura and thrombocytopenia recurred. A platelet agglutinin was still 
present in this patient’s serum at a titer of 1/4. L.E. tests performed at this time were 
clearly positive, thus establishing the diagnosis of systemic lupus erythematosus. 


Study of glycoproteins was of similar diagnostic value in Patient 27* of 
Table III. 

History, physical, blood, and bone marrow findings in this case were typical of idio- 
pathic thrombocytopenic purpura of the chronic variety. <A platelet agglutinin was present 
in the patient’s serum at a titer of 1/8. Migration of glycoproteins, however, was pre- 
dominantly with the a-globulin fraction, a behavior inconsistent with idiopathic thrombo- 
cytopenic purpura. Patient was finally splenectomized because of recurrent bleeding on 
suspension of steroid therapy. Pathologic examination of the spleen disclosed, in addition 
to changes consistent with idiopathic thrombocytopenic purpura, the presence of several 
foci containing conglomerated tubercles of u noncaseous type, being formed of epithelioid 
cells and mononuclear giant cells. One contained an asteroid. Findings suggested a 
granulomatous process, likely sarcoidosis. In sarcoidosis, as in many other conditions 
(Table VI), glycoproteins are predominantly found in the a-globulin fraction. 


A final point of interest is the relationship of the abnormalities in electro- 
phoretie distribution of glycoproteins to the pathogenesis of idiopathie and 
drug-induced thrombocytopenie purpura. 

It is known that drug-induced thrombocytopenic purpura is due to an 
immunologic mechanism and this conclusion also applies in many instances to 
the ‘‘idiopathic’’ type of the disease, even when such mechanisms may not be 
demonstrated by ‘‘in vitro’’ studies. In both conditions, one finds a persistent 
increase of glycoproteins in the albumin fraction of serum; moreover, the ac- 
tive phase of idiopathic thrombocytopenic purpura is characterized by a tem- 
porary rise in percentage value of glycoproteins in the y-globulin fraction. We 
did not perform quantitative analysis of glycoproteins, but the direct observa- 
tion of stained paper strips seemed to indicate that they were increased in a 
majority of cases of drug-induced and idiopathic thrombocytopenic purpura. 

The changes observed bore, perhaps, more than coincidental resemblance to 
the findings in experimental animals. There, active immunization is followed 
by absolute inerease of glycoproteins** ** and relative increase of glycoproteins 
migrating with the y-globulin fraction.** 

We have recently been able®® to induce the development of platelet anti- 
bodies against homologous rabbit platelets (isoimmunization), as well as 
against the rabbit’s own platelets (autoimmunization). This has been achieved 


*We are indebted to Dr. Charles A. Diamond of Springfield, Mass., for referring this case. 
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in selected instances by the administration of platelets from other rabbits or 
from the same animal aftr modification with various agents. The electro- 
phoretie pattern of animals which had developed iso- or autoantibodies also 
showed absolute rise in glycoproteins and relative increase of glycoproteins 
migrating with the y-globulin fraction. It would appear that increased glyco- 
proteins and persistent abnormalities of their electrophoretic migration in 
pathologic as well as experimental conditions might be considered indicative 
of an antibody production mechanism or of permanently altered protein syn- 
thesis following stimulation by an antigen. 


SUMMARY 

1. Electrophoretic migration of serum glycoproteins was studied in a 
group of 46 patients with various hemorrhagie¢ diseases. Typical patterns 
were detected in active idiopathic thrombocytopenic purpura (percertage in- 
crease of glycoproteins migrating with the albumin and y-globulin fraction), 
quinidine-induced thrombocytopenic purpura and anaphylactoid purpura 
where albumin-bound and y-globulin-bound glycoproteins, respectively, were 
increased. These changes may be of diagnostic value in patients of thrombo- 
cytopenic purpura due to hypersplenism secondary to involvement of the 
spleen by lupus erythematosus or other diseases. In such instances, as in two 
of our patients, the pattern typical of the fundamental condition is found 
rather than the pattern we have described for the idiopathic type of thrombo- 
cytopenic purpura. 

2. Changes observed in anaphylactoid purpura were entirely reversible 
after recovery. High percentage values of albumin-bound glycoproteins, on 
the other hand, persisted, even after recovery, in patients of thrombocytopenic 
purpura of the idiopathic variety and in one studied case of quinidine-induced 
thrombocytopenic purpura. Significance of these findings is discussed. 

We wish to express our appreciation to the Medical and Nursing Staff of Saint Eliza- 
beth’s Hospital, Newton-Wellesley Hospital, and Quincy City Hospital for their cooperation in 
the course of this study. Drs. James H. Graham, David Skinner, and Richard Street kindly 


interpreted many pathologic sections. 
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DISPOSITION OF DEXTRAN FOLLOWING INTRAVENOUS INJECTION 


WALTER Lyon Bioom, M.D.* 
ATLANTA, GA, 


HE intravenous injection of an osmotically active material for plasma 

volume expansion was proposed by Bayliss.! Thirty-four years of physiologic 
study have indicated that any substance of sufficient molecular size to remain 
in the intravascular space will produce expansion of plasma volume. However, 
none of the many proposed substances had gained general clinical acceptance 
because of retention or toxicity. The eventual fate of the material injected 
became a primary consideration when the substances were partially stored in 
the body or resulted in functional impairment of an organ or organ system. 
As a consequence, the major objective in the evaluation of any plasma volume 
expander is the determination of its fate. 

Dextran has emerged as the most promising substance studied up to the 
present time.2-° The blood levels and urinary exeretion of dextran have been 
reported by these three investigative groups, each employing different methods 
of dextran determination: Hint and Thorsen‘ use an alkaline copper precipita- 
tion of dextran; Bull® used a modification of the method of Klevas* based on 
acid hydrolysis of the polysaccharide and measurement of the reducing sub- 
stanees; and Bloom and Willcox® isolated the dextran following alkali digestion 
and determined anthrone reacting substance. All three reports were based on 
a small series of studies. The purpose of the present investigation has been to 
determine the disposition of dextran following intravenous injections, measuring 
the carbohydrate partitions in blood and urine. The rate of disappearance 
from blood has been compared with the appearance of dextran in the urine. 
Finally, the dextran balance has been determined following the administration 
of several varying doses of this alpha 1-6 glucosidie polysaccharide. 


MATERIALS AND METHODS 
Several categories of experimental data were accumulated in this study. The partition 
of dextran between cells and plasma was studied first in rabbits and next on man. Car- 
bohydrate levels (total carbohydrate, dextran, and reducing substance) were studied in the 
plasma of rabbits and the plasma and urine of man. Dextran balance studies were performed 
on one group of patients injected with 30 Gm. (Group 1) and a second group injected with 
60 Gm. of dextran (Group 2). A comparison of the dextran blood levels and urine 
excretion was determined on one patient (Patient A) who received 30 Gm. of dextran on one 
occasion and 60 Gm. at a later time. The dextran balance was determined on a patient 
who received 360 Gm. of dextran in two days (Patient B). 
Dextran is a generic term for a series of different molecules of varying size. The 


erude dextran produced by Leuconostoc mesenterioides is variously estimated from 1 x 106 to 
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2.5 x 107 in molecular weight. This large molecule is hydrolyzed and solvent fractionated 
for clinical use. All chemical balance studies will be related to the molecular distribution 
of the injected material. The physical characteristics of the materials used in this study are 
presented in the footnote.* 

Studies of the partition of dextran between cells and plasma were performed in rabbits 
weighing 2.5 to 3 kg. and of mixed breed and sex (Table I). Following the removal of a 
control sample of blood by cardiac puncture, 30 ml. of dextran was injected into the marginal 
ear vein. Subsequent blood samples were removed immediately following injection, and at 
24, 48, and 72 hours. All specimens were heparinized. Similar studies were then performed 
on three male patients convalescing from minor illnesses. Venous blood specimens (heparin- 
ized) were taken from the antecubital vein following the intravenous injection of 500 ml. of 
6 per cent dextran. Samples were obtained as a control immediately following injection 
and at 10 minutes, 6 hours, 24 hours, 48 hours, 72 hours, and 96 hours. Several deviations 
from this schedule are recorded in Table II. 


TABLE I. DETERMINATION OF WHOLE BLOOD, RED CELL, AND PLASMA DEXTRAN ON RABBITS 








DEXTRAN MG % 
RED 
CELL 
WASH- 
ING THEORETICAL 
HEMATO- | WHOLE RED PLUS | PLASMA LEVEL 
RABBIT CRIT BLOOD CELL PLASMA | PLASMA | ga | ut 
Control 39 19 14 is 7 
Immed. 26 911 9 888 1,170 1,239 1,208 
24 hours 28 348 9 207 292 376 288 
48 hours 24 129 is 53 118 169 70 
72 hours 22 45 14 32 21 58 41 














Control 31 io 16 18 5 

Immed. 23 936 10 $72 1,132 1,215 L 32 
24 hours Al 180 § 186 226 228 236 
48 hours 19 72 11 ot 86 89 63 
72 hours 24 41 11 24 17 55 oa 


Control 35 28 12 35 

Immed. 22 973 10 921 1,196 1,247 1,181 
24 hours 19 327 9 306 399 406 380 
48 hours 23 116 9 66 112 150 85 
72 hours 30 21 10 23 22 30 32 





Hematocrit expressed in cubic millimeters. 
*I Theoretical plasma level based on whole blood dextran and hematocrit. 


yIL Theoretical plasma level based on plasma plus red cell washing dextran concentra- 
tion and hematocrit. 


Hematocrit determination was performed by the Wintrobe method and dextran (alkali 
stable, aleohol precipitable, anthrone reacting carbohydrate) was determined by the Bloom- 
Willcox procedure.2 The derived data were calculated in the following manner: theoretical 
plasma dextran concentrations were based on the hematocrit, the actual value of dextran 
in the whole blood, and the assumption that all of the dextran was in the plasma. The 
assumption that dextran was not in cells was partly justified by experiments which showed 
that washed, centrifuged red cells from whole blood containing dextran showed no measurable 


dextran. This latter procedure is open to some criticism; since dextran might have been 


*The physical characteristics of the dextran solutions used in this study were kindly 
supplied by Dr. Homer Stavely of Commercial Solvents Corporation. Two lots of dextran 
having somewhat different physical characteristics were used. Lot 1 had an intrinsic 
viscosity (centistokes) average of 3.10, molecular weight average 75,000 (range 65,000 to 
90,000), and a molecular number average of 50,000. The second lot had anintrinsic viscosity 
(centistokes) average of 2.83, mclecular weight average of 55,000 (range 43,000 to 65,000 anda 
molecular number average of 38,000. 
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TABLE IJ. DETERMINATION OF WHOLE BLOOD, RED CELL, AND PLASMA DEXTRAN IN MAN 








DEXTRAN MG. % 





THEORETICAL 
PLASMA 





PATIENT HEMATOCRIT WHOLE BLOOD | PLASMA LEVEL* 
Control 47 79 78 

Immed. 36 896 1,428 1,400 

10 Minutes 36 1,012 1,460 1,582 

| 6 Hours 41 558 994 946 

48 Hours 45 256 46] 466 

96 Hours 43 120 192 210 
Control 43 58 74 

Immed. 36 810 1,121 1,275 

10 Minutes 35 “fe 1,169 1,106 

20 Minutes 36 609 926 952 

II 30 Minutes 37 579 1,027 926 

6 Hours 38 464 682 748 

24 Hours = 259 390 41% 

48 Hours 39 213 283 350 
Control 50 90 76 

Immed. 40 811 1,547 1,351 

6 Hours 42 543 885 805 

[II 24 Hours 43 362 574 635 

48 Hours 42 263 442 458 

72 Hours 45 204 349 371 

96 Hours 45 137 244 249 





*Theoretical plasma level based on whole blood dextran concentration and the hematocrit. 


removed from red cells by washing. To eliminate the objection of the trapped plasma in the 
red cell volume, the red cell washings were added to the plasma for total dextran plasma 
levels, and this value was corrected hy the red cell volume as determined by hematocrit. 

The experiments on rabbits were performed as described in the previous section. The 
patients were convalescent males. The experiment was started in the morning following 
breakfast. All blood specimens were removed from the antecubital vein at the times 
designated in Table IV and urine specimens (voided) were collected at the indicated times. 
One thousand milliliters of 6 per cent dextran was infused into the antecubital vein of the 
arm opposite to the arm used to collect samples. The dextran was administered in a 30- 
minute period. Reducing substance and dextran were determined by the methods described. 
Plasma total carbohydrate was determined by the anthrone procedure on diluted plasma as 
described by Bloom, Nichols, and Busey.1° Urine studies included reducing substance, total 
carbohydrate, and dextran by the described methods. 

Nineteen patients received 30 Gm, of dextran and 9 different patients received 60 Gm. 
of dextran. The total excretion of dextran was calculated from the measured urine volume 
and the dextran concentration. Specific gravity was determined on each urine. <A study was 
performed on a patient (Patient A) who received 30 Gm. of dextran on one occasion and 60 
Gm. at a later time. The procedures on this patient were the same as those outlined for 
Groups 1 and 2. 

Patient B had Laennec’s cirrhosis of the liver and ascites. Liver function was 
impaired as measured by the usual tests. The patient had not responded to salt restriction, 
diet therapy, and mercurial diuretics. Fifteen hundred milliliters of 12 per cent salt-free 
dextran was administered intravenously on two successive days. Heparinized venous blood 
samples and urine samples were collected at repeated intervals for 21 days (Fig. 3). The 
determinations were the same as those described in the previous experiment. 


RESULTS 


The studies of dextran concentrations in whole blood and plasma of rabbits 
indicate that no dextran is present in red cells (Table I). The control whole 
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blood, red cells, and plasma all normally contain a small amount of anthrone- 
reacting polysaccharide, which is alkali stable and alcohol precipitable. Im- 
mediately following the injection of dextran, there is a rise in the plasma poly- 
saccharide level which is attributable to dextran. No change is observed in the 
red cell polysaccharide concentration. These findings are confirmed by agree- 
ment between the plasma dextran level and the theoretical plasma level (J, Table 
I) caleulated from the whole blood dextran level and the red cell volume 
(hematocrit). The other theoretical plasma level (JJ, Table 1) was determined 
from the sum of the plasma dextran concentration plus red cell washings 
corrected by the plasma volume in 1 ml. of blood. The results of these three 
methods indicate that little if any of the injected dextran is present in blood 
cells. The data of a similar study in man (Table II) are essentially the same 
as in the rabbit. In both species it has been demonstrated that the major 
portion of the intravascular dextran remains extracellular. 

Table III (rabbits) and Table IV (man) present the changes in three 
carbohydrate fractions of the plasma following dextran injection. The dextran 
(column A), reducing substance (B), and total carbohydrate (C) indicate that 
in both species the sum of the plasma dextran and reducing substance approxi- 
mates the total plasma carbohydrate. The difference in total carbohydrate and 
the sum of the two carbohydrate fractions (C-[B+A]) shows variation, but they 
are not consistent and probably are accounted for by the several inherent errors 
of methods. These results show that no detectable amounts of polysaccharides 
intermediate between dextran and monosaccharides are present in the plasma. 
Such substances might be present if dextran was hydrolyzed. There is a definite 
increase in the blood reducing substance of rabbits immediately after the injec- 
tion of dextran. Since the animals were not adrenal demedullated, an epine- 
phrine response cannot be excluded. In man no consistent changes were found 
in the reducing substances of either the urine or plasma. 

These data indicate that there is no significant change in plasma or urine 
reducing substance in man following the injection of dextran. The plasma 
dextran rises to a peak immediately after injection and slowly disappears from 
the blood. No evidence was found that carbohydrate fractions intermediate 
between dextran or monosaccharides are present in plasma or urine. 

Statistical summary of the plasma dextran levels of 19 patients is presented 
in Table V. The plasma levels rise rapidly following injection and then the 
dextran level decreases, the material still being detectable 4 days later. The 
cumulative plasma level decrease (in terms of the initial level) is 50.3 per cent 
in 24 hours, 70.1 per cent in 48 hours, 81.7 per cent in 72 hours, and 89 per cent 
in 96 hours. The decrement in each 24-hour interval is 50.3 per cent, 59.4 per 
cent, 61.2 per cent, and 66.2 per cent. The amount of dextran which disappears 
from plasma in each 24-hour interval is approximately 50 to 60 per cent of the 
plasma level. The urine dextran concentrations at various 24-hour intervals are 
subject to greater variations than the plasma levels, as demonstrated by the 
larger standard errors of the mean. The major excretion of dextran was found 
to oceur in the first 48 hours. A comparison of the plasma with the urine 
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dextran coneentration indicates a cessation of dextran exeretion in the urine 
at 48 to 72 hours, whereas plasma levels gradually decrease through the whole 
4 days. 


TABLE IIT. PLASMA CARBOHYDRATE CHANGES IN RABBITS FOLLOWING I. V. DEXTRAN 














~~ -  .« l 











| 
A | REDUCING | TOTAL 

DEXTRAN SUBSTANCE | CARBOHYDRATE C-B-A 
Control 7 124 191 +60 
Immed. 1,170 170 1,507 +137 
24 Hours 292 137 532 +104 
48 Hours 117 139 374 +118 
72 Hours 21 127 253 +105 
Control 5 148 212 +64 
Immed. 1-132 186 1,494 +175 
24 Hours 226 191 ol] +93 
48 Hours 86 159 279 +34 
72 Hours 17 126 230 +9] 
Control 5) 162 221 +59 
Immed. 1,196 188 1,603 +219 
24 Hours 399 137 601 +65 
48 Hours 112 134 310 +64 
72 Hours 22 142 247 +73 

All determinations expressed in milligrams per cent. 


TABLE IV. PLASMA AND URINE CARBOHYDRATE CHANGES IN MAN FOLLOWING I. V. DEXTRAN 








| REDUCING | TOTAL 
| 





DEXTRAN | SUBSTANCE CARBOHYDRATE | C-B-A 
Plasma Control 79 i929 129 —25 
Immed. 1,428 83 1,655 +144 
10 Minutes 1,460 87 1,613 +49 
6 Hours 994 97 1,055 —44 
48 Hours 461 64 d17 +24 
72 Hours 283 5% 417 +81 
96 Hours 192 71 Lost 
Urine 24 Hours L525 50 1,815 +40 
48 Hours 184 30 153 —61 
72 Hours 89 38 92 —35 
96 Hours 35 o7 45 ae hr 
Plasma Control 76 44 
Immed. 1,547 62 1,920 +300 
6 Hours 885 34 895 —24 
24 Hours 574 49 698 +75 
48 Hours 442 94 491 —45 
72 Hours 349 68 502 +87 
96 Hours 244 — 248 — 
Urine 6 Hours 5,140 86 5,140 +86 
24 Hours 995 57 1,162 +110 
48 Hours 263 35 241 +57 
72 Hours 133 57 152 +48 
96 Hours 78 57 101 —34 





All determinations expressed in milligrams per cent. 


The maximum dextran concentrations of plasma following completion of the 
infusion indicate that the apparent volume of distribution* of the polysaccharide 


is 4,140 ml. 


*Apparent volume of distribution is calculated from the volume of fluid in which 30 Gm, 
would be distributed to provide a plasma level of 726 mg. per cent. 
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TABLE V. DEXTRAN IN BLOOD AND URINE FOLLOWING INTRAVENOUS 
ADMINISTRATION OF 30 GM. (500 ML.) 














TOTAL 
PLASMA LEVEL URINE LEVEL URINE | EXCRETION 
(MG. %) (MG. %) (VOL. ML.) (GM.) 
Control 29) = 10* 
Immed. 726 + 29 
24 Hours 365 + 28 691 + 89 1,662 + 150 9.9+0.1 
48 Hours 27 = 32 261 + 64 1,683 + 204 2.4 + 0.5 
72 Hours 133 + 16 65 +12 1,192 + 86 0.7 = O65 
96 Hours 88 + 20 20+ 5 1,668 + 218 0.3 + 0.01 
Total 12.4 + 0.8 





Nineteen patients were studied in this series. 
*Standard error. 


The total urine dextran exeretion of 19 patients indicates 33 per cent of 
the injected dose (30 Gm.) vas excreted in the first 24 hours, 8 per cent in the 
next 24 hours, and negligible amounts thereafter. During the period of observa- 
tion, 41.3 per cent (12.4 Gm.) of the injected dextran was excreted. 

Urine volumes in each 24-hour interval following dextran injection show no 
diuresis evident as a result of dextran injection (Table V). There is a decrease 
in urine volume in the third 24-hour period and a return to normal in the fourth 
24-hour period. A graphic summary of the data is presented in Fig. 1. 
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TIME IN HOURS 
Fig. 1.—Comparison of blood and urine dextran levels following the intravenous in- 
jection of 30 Gm. of dextran. Nineteen patients were studied. The standard error of the 
mean is shown for each study. The curve represents the blood level in milligrams per cent, 
the clear column represents the urine excretion in milligrams per cent, and the stippled 
column shows the urine excretion in grams. 


The plasma dextran levels of 9 patients who received 1,000 ml. of 6 per 
cent dextran are presented in Table VI. The plasma level decreased (in terms 
of the initial value) 33.8 per cent in 6 hours, 58.7 per cent in 24 hours, 69.6 
per cent in 48 hours, 76 per cent in 72 hours, and 85.9 per cent in 96 hours. 
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TABLE VI. DEXTRAN IN BLOOD AND URINE FOLLOWING INTRAVENOUS 
ADMINISTRATION OF 60 GM. (1,000 ML.) 














PLASMA LEVEL URINE LEVEL URINE | TOTAL 
(MG. %) (MG. %) (VOL. ML.) | EXCRETION 

Control Bao + 7.4" 

Immed. 1,330 + 60.5 

6 Hours 882 + 53.6 4,429.5 + 445 113.7 19:7 2 2.4 
6-24 Hours 810 + 287 1,218.7 V6 2 aa 
24 Hours doo «0+ «26.6 1,615 + 336.2 2,064.2 + 521.9 26.4 2 Ag 
48 Hours 404. + 29.8 207.8 + 51.7 1,303.5 + 277.5 2.4 + .35 
72 Hours 319.8 + 37.5 88.8 + 11.2 1,336.4 + 164.3 122 2 
96 Hours 187.2 # 25.2 45 + 10.4 1,429.8 + 324.7 0.5 + .04 

Total 29.2 + 





Nine patients were studied in this series. 
*Standard error. 


The rate of decrease from the initial level was almost identical with the values 
obtained after injecting 500 ml. of dextran. However, since the blood level 
immediately after 1,000 ml. of dextran was two times higher than in the previous 
series, some dextran remains in the blood for a longer period. Following 1,000 
ml. of dextran the decrease in plasma concentration at each 24-hour interval 
was 58.7 per cent, 37 per cent, 27.2 per cent, 21 per cent, and 41.4 per cent of 
the preceding 24-hour level. The maximum dextran concentration of plasma 
following infusion indicated that the apparent volume of distribution of the 
polysaccharide was 4,512 ml. 

The major exeretion of dextran occurs in the first 48 hours (Table VI). 
Most of the dextran is excreted in the first 24 hours, and if the 24-hour collection 
is divided into 6-hour and 18-hour samples, the greatest excretion is found in 
the 6-hour sample. The total dextran excreted in the urine of 9 patients was 
(Table VI) 32.8 per cent of the injected dose (60 Gm.) in the first 6 hours and 
12.7 per cent in the next 18 hours (Table VI). Exeretion of the injected dose 
in 24-hour intervals, showed values of 43.5 per cent in the first 24 hours, 4 per 
cent in the next 24 hours, 1.8 per cent in the next 24 hours, and a negligible 
amount thereafter. Forty-eight and six-tenths per cent of the injected dextran 
was excreted. 

Table VI shows the urine volumes* in the first six hours after dextran and 
in preceding 18-hour period. The data suggest an increase in urine volume in 
the first 24-hour interval following injection, a change not observed after the 
injection of 500 ml. of dextran. 

The specific gravity of the urine in all patients was inereased in the 
specimen collected during the first six hours of dextran excretion. In some 
instances the specific gravity reached 1.060. 

Fig. 2 shows the blood and urine levels and total dextran excretion in one 
patient following two different dose levels of dextran (30 and 60 Gm.). The 
same lot of dextran (CSC 10,324) was used in this study to avoid the error 
of discrepance of molecular size of different preparations. The blood level is 
higher immediately after 60 Gm. than after 30 Gm.; however, there is no 

*The urine volumes of one patient: were omitted from this table since there was a marked 
and persistent diuresis following dextran administration in this patient who had the nephrotic 


phase of chronic glomerulonephritis. The blood and urine dextran levels of this patient did 
not differ from those of the other 8 patients in the series; therefore these data are included. 
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proportional relationship to the dose. Twenty-four hours after injection the 
blood level is twice as high following the larger dose as after the smaller. At 
72 hours the difference is even greater. The urine level and total exeretion 
show a close relationship to the dose, approximately twice as much dextran 
being excreted at any time interval. Thirty-eight per cent of the 30 Gm. was 
excreted in the first study and 38.4 per cent was excreted after doubling the 
dextran injection. 
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TIME IN HOURS 
Fig. 2.—Blood and urine dextran levels and total urine excretion in one patient who received 
30 and 60 Gm. intravenously on different occasions. The curve represents the blood level in 
milligrams per cent, the clear column represents the urine excretion in milligrams per cent, 
and the stippled column shows the urine excretion in grams. 


Fig. 3 presents the blood and urine levels and total dextran excretion of a 
patient with hepatic cirrhosis and ascites who received 360 Gm. of 12 per cent 
salt-free dextran. A prompt diuresis developed and the patient lost 40 pounds 
in 14 days. The maximum plasma level was 3,287 mg. per cent. (The hematocrit 
at the peak dextran level was reduced to 30 per cent and did not return to the 
preinjection level for 11 days.) The blood level fell rapidly in the first 24 
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hours after the peak blood level and 62 Gm. of dextran was excreted during 
this time. Subsequently, the blood levels decreased gradually and the urine 
excretions decreased rapidly, so that after 10 days dextran was no longer 
excreted. Even though excretion was no longer measurable, dextran was present 
in the plasma up to 21 days following the initial injection.’ A total of 145 Gm. 
of dextran was excreted, which represented 40.5 per cent of the injected dose. 
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Fig. 3.—Blood and urine dextran levels and total urine excretion on one patient following 
intravenous injection of 360 Gm. of dextran. The curve represents the blood level in milligrams 
per cent, the clear column represents the urine excretion in milligrams per cent, and the 
stippled column shows the urine excretion in grams. 

DISCUSSION F 

The partition of dextran between whole blood and plasma of rabbits and 
man indicates that the injected polysaccharide remains primarily extracellular 
in the circulation. This is a necessary requirement for a plasma volume expander, 
since the osmotic efficiency of the material must be exerted extracellularly to 
bring about the desired increase in the vascular volume. The methods employed 
did not completely exclude the possibility that small amounts of polysaccharide 
get into cells. However, if dextran was present in the cells the amount was 
small even though the cells were exposed to circulating dextran for long periods. 

An important problem in the study of extravascular polysaccharides is the 
disposition of the polysaccharides in the blood. Previous studies have shown 
that glycogen present in the plasma is hydrolyzed by amylase to reducing sub- 
stances and intermediates between maltose and glycogen which are not pre- 
ecipitated by 60 per cent ethanol.1° Since dextran is an alpha _ glucosidic 
polysaccharide, it was necessary to determine the nature of the dextran in the 
plasma and urine at various times following injection. In the present study, 
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inereased reducing substances were not detected in blood or urine following 
dextran injection. Although this finding does not prove that such substances 
were not released from dextran, it does indicate the rate of release of these 
substances was slower than the capacity to remove the reducing substances from 
the blood. 

Immediately after the injection of dextran, the apparent volume of dis- 
tribution of polysaccharide calculated from the plasma concentration was greater 
than an approximate plasma volume of 2,500 ml. plus the added volume. This 
might in part result from hyperosmotic properties of the preparations, in part 
from passage of dextran into extracellular fluid and lymph, and in part from 
the immediate excretion of small molecules of dextran into the urine, so that by 
the time the infusion was completed a part of the initial dose was in the urine. 
During the first 24 hours, the decrease in the plasma level was in part related to 
urinary excretion of dextran, probably the fractions of lower molecular weight. 
In the subsequent periods the decrease in dextran concentration of the plasma 
was relatively fixed in magnitude, independent of the plasma levels resulting 
from the injection of 30 to 60 Gm. of dextran. It appeared that 50 to 150 mg. 
of dextran per 100 ml. of plasma was removed per day. When a patient received 
the same dextran preparation on two different occasions (Patient A), the 
plasma concentration decrease was 116 mg. per cent in the 24- to 72-hour period 
following 30 Gm. (Group 1) and 99 mg. per cent in the same period following 
a 60 Gm. dose (Group 2). Since dextran was removed from the plasma after 
urinary excretion of the polysaccharide has ceased, mechanisms other than renal 
excretion exist for the removal of dextran from the blood, as demonstrated by the 
disappearance of dextran from the plasma of the arenal animal.’ '? Such 
removal of dextran from the plasma could represent excretion by other routes 
(for example, gastro-intestinal’’) or storage by cells or metabolism of the poly- 
saccharide. 

Since the osmotic activity of dextran depends upon the number of dextran 
molecules which remain in the vascular compartment, it was apparent that 
prolonged osmotic effects may be expected from this material as appreciable 
amounts of the polysaccharide were found in the plasma at 12 and 24 hours 
after injection. The persistence of the dextran in the plasma can be controlled 
by the size of the initial injection. The molecular weights or molecular numbers 
of the fractions which remain in the plasma have not been defined; however, 
since the smali molecules are excreted first, it is possible the plasma fractions 
remaining may represent increasing molecular size and consequently decreasing 
osmotie effect. 

These dextran preparations were not identical as to molecular spectrum 
(see footnote); therefore, the results are representative of the blood levels of a 
heterogenous dextran preparation. If any particular preparation of defined 
molecular distribution is injected, the blood levels and excretion data may vary 
from the average presented in this. study. 

Fifty-two to 58.5 per cent of the injected dextran was not excreted in these 
patients. It takes about 5 days fer the plasma dextran to disappear following 
the injection of 30 Gm. If it is hypothesized that the 17.6 Gm. not exereted in 
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the urine is metabolized in this time by a 70 kilogram man, this represents 0.251 
(im. dextran per kilogram per 5 days or 0.05 Gm. dextran per kilogram per day. 
If one reduces this figure to dextran metabolized per gram per hour, it is easy 
to understand why in vitro studies have not previously shown evidence of meta- 
bolism.’* However, this speculation does not consider that one tissue or organ 
may be selectively involved in dextran utilization. Nevertheless, these caleula- 
tions suggest that the metabolism of this compound is probably a rate-limited 
reaction (the rate limitation being the hydrolysis of the alpha 1-6 glucosidie 
linkage) and that the metabolism is very slow when compared to the ear- 
bohydrate metabolic systems which have been studied previously. Recent data 
collected by several groups of investigators, working under the aegis of the 
National Research Council, leave little doubt that metabolism accounts for the 
major part of the unexecreted material.'* '° 


SUMMARY 


1. Dextran in the blood has been shown to remain primarily in the plasma 
of rabbits and man. It has not been possible to demonstrate degradation 
products of dextran in the plasma or urine of patients. 

2. The plasma level and urine excretion of dextran have been studied in 
19 patients following intravenous injection of 30 Gm. of dextran. The majority 
of the excretable material was found in the urine in the first 24 hours and a 
total of 42 per cent was excreted over 5 days. The plasma levels and urine 
excretion of dextran have been studied in 9 patients following intravenous 
injection of 60 Gm. of dextran. The majority of the exeretable material was 
found in the urine in the first 24 hours and 48.6 per cent was excreted. 

3. li an individual patient the per cent excretion of dextran of constant 
composition was found to be identical following 30 and 60 Gm. doses. In a 
patient having cirrhosis of the liver, 42 per cent of a 360 Gm. dose was excreted 
in the urine over a period of ten days, and the blood level remained elevated for 
21 days. 

4. Following the removal of the excretable fraction of dextran from the 
plasma, the remaining fraction disappears at a slow rate indicating a rate 
limitation in metabolism, excretion, or removal by cells. 

5. The data presented indicate the persistence of dextran in the plasma for 
sufficient time intervals to assure the efficacy of the material in plasma volume 
expansion. 
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PHARMACOLOGIC EVALUATION OF BL700B 
A New ANTICHOLINERGIC DruG 
Ricuarp D. Jupar, M.D., Roperr J. Bout, M.D., Bast I. Hirscuowirz, M.D., 


AND H. Marvin Pouuarp, M.D. 
ANN ARBor, MICH. 


ECENT interest in the field of antisecretory agents has been notable, and 

the development of a number of new synthetic compounds has resulted 
in a re-evaluation of the entire problem. <A reappraisal of atropine, still the 
most widely used of all the anticholinergic compounds, has demonstrated that 
its effect on the human stomach is unpredictable. Results of early studies on 
atropine were based on a small number of observations using eriteria which 
would be considered unsatisfactory today. More recently, work by Levin, 
Kirsner, and Palmer! on duodenal uleer patients has demonstrated that as much 
as 1.0 to 6.0 mg. of atropine given parenterally effectively reduced gastric 
secretion in only about one in four of the individuals studied. Our own experi- 
ence with atropine has shown that it falls far short of the ideal in its effect on 
gastric secretion. Although many of the newer antisecretory drugs appear 
to be more effective than atropine, none thus far have been able to produce 
the desired degree of secretory inhibition consistently without side effeets. In 
addition, they are all much less effective orally than parenterally. Although 
progress is being made, the search for the ideal compound with selective gastrie 
antisecretory action still continues. 


mm 4 
“| 3 A) 


BR” CH3—N—CH5-CH>- C—C-NH> 
C2 Hs 


Fig. 1.—BL700B, alpha, alpha’ diphenyl-gamma-dimethyl aminobutyramide ethobromide. 


This report coneerns a new anticholinergic agent, alpha, alpha, diphenyl- 
gamma-dimethylamino-butyramide-ethobromide (Fig. 1), hereafter referred to 
as BL700B.* This study concerns the pharmacologic evaluation of BL700B in 
human subjects. Preliminary work on its basic activity using laboratory 
animals has shown BL700B to be effective in reducing small bowel and colonic 
motility and also in blocking the spasmogenie effects of acetyl choline, arecoline, 
and pilocarpine.? Dogs receiving as much as 20 to 40 mg. per kilogram daily 
“ins id Doo Ge ae eee of Internal Medicine, University of 
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for six months tolerated the drug well. They failed to develop xerostomia and 
showed little mydriasis. There seemed to be a satisfactory margin between 
toxic and effective doses. 


Our investigation of BL700B to date has been directed toward the follow- 
ing: (1) determination of an effective and practical dose, (2) comparison of 
antispasmodic and antisecretory effects with a standard, in this case atropine 
sulfate, and (3) evaluation of undesirable side effects and tolerance. 


METHOD 


Both BL700B and atropine were administered orally. Only subjects capable of con- 
tinuous secretion of acid gastric juice (greater than 20 units per 15-minute interval) were 
utilized. A total of ninety-five studies were performed, of which thirty had to be disregarded 
because of inconsistencies in the control period of basal secretion. All subjects were men 
ranging in age from twenty to seventy years. None gave a history suggestive of ulcer, 
alcoholism, or significant gastrointestinal disease. After a fast of at least ten hours, a 
double-lumen Miller-Abbott tube was passed and the balloon was placed in the antrum; its 
position was checked fluoroscopically in all but a few instances. “Fasting contents were 
aspirated and discarded. Continuous vacuum suction, supplemented by manual suction, was 
employed, and the aspirated gastric juice divided into successive fifteen-minute samples. 
Volume, pH by means of sealed glass electrode, and free and total acid were measured on 
each specimen, Acid was titrated against 0.1 N NaOH using Toépfer’s and phenolphthalein 
indicators. Continuous motility records were made simultaneously by means of a balloon- 
water manometer system. The balloon was 3 cm. in diameter and 5 cm. long, as recom- 
mended by Hightower and associates.?;4 A continuous direct writing kymographic tracing 
was obtained in each case. 

After a control period of one hour, all suction was discontinued and the test medication 
was administered orally, dissolved in 5 to 10 ml. of water. Thirty minutes after the giving 
of the medication, all gastric contents were removed by hand suction and discarded, following 
which continuous suction was reinstituted and continued for two to three hours. 

In one phase of this study, a group of five normal young men were placed on a 12.5 
mg. dose of BL700B four times daily (before meals and bedtime) for a one-week period. 
The following items were evaluated: (1) side effects, (2) the development of tolerance 
within the limits of the week of continuous therapy, and (3) the effect on gastrointestinal 
motility as studied by the barium method. Two days before the start of continuous therapy, 
each of these persons was subjected to the procedure described in the paragraph above. A 
12.5 mg. dose was employed. This procedure was repeated on the seventh day of therapy. 
In this latter instance, basal secretion was measured after an overnight fast; then 12.5 mg. 
was given and the above described studies were done. In addition, and prior to this study, 
each individual was given eight ounces of barium sulfate suspension orally and x-ray films 
were taken at thirty minutes, three hours, and five hours. On the sixth day, x-ray studies 
were repeated as described following the administration of 12.5 mg. BL700B, at 8 A.M. and 
at 12 noon. Side effects were evaluated at intervals during the study as follows: total 
expectoration of saliva was measured over a period of five minutes while 3.5 Gm. of paraffin 
was chewed. Accommodation was measured in a controlled manner by the method of Kirsner, 
Levin, and Palmer.5 The only modification was the substitution of the Jaeger zero for the 
black dot employed by Palmer. Blood pressure and pulse were measured recumbent and 
standing. Each subject was asked to check a questionnaire daily concerning the following: 
headache, dizziness, blurred vision, dry mouth, nausea, difficulty with urination, and palpita- 
tion. 

RESULTS 


Dosage Response.—Twenty-two patients were studied and the results are 
given in Table I. As noted in this table, the dosage was increased from 0.5 mg. 
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TABLE I. BL700B DosaGE RESPONSE BASED ON ONE-HourR-CONTROL AND ONE-HOUR-RESPONSE 


PERIOD 








MEAN ACID IN MEQ. HCL 


MEAN VOLUME IN ML. % DIFFERENCE 

















DOSAGE IN MG, BEFORE | AFTER | BEFORE AFTER ACID | VOLUME 
0.5 0.2 0.77 13.0 11 + 35 - 15 
0.7 0.3 0.21 10.0 ig — 30 + 70 
0.9 0.79 0.02 19.0 14 -— 47 — 26 
12 0.13 L2 7.3 29 +800 +311 
1.6 0.85 0.5 22.0 12 — 4] — 45 
2.0 0.16 0.15 22.0 7 = 18 = 68 
5.0 0.365 0.159 24.0 8 — 56 ~ 66 

10.0 0.56 0.0 22.0 0 ~100 —100 
10.0 2.7 1.3 24.0 16 — 52 - 33 
12.5 0.61 0.03 16.0 He ~100 88 
12.5 0.95 0.02 31.0 9 — 97 — 71 
12.5 0.19 0.0 16.0 5 —100 — 69 
12.5 0.87 0.0 32.0 5 ~100 =. 
20.0 0.73 0.0 18.0 1 —100 — 94 
25.0 0.65 0.31 16.0 15 ~ 52 - 6 
25.0 1.6 0.06 35.0 13 ~ 95 — 63 
25.0 0.9 0.06 35.0 3 — 93 —- 91 
30.0 0.15 0.0 16.0 3 -100 =st 
30.0 1.18 0.45 23.0 21 = 62 - 9 
37.5 0.17 0.0 11.0 ~100 — 64 
40.0 0.95 0.0 38.0 3 —100 — 90 
60.0 0.16 0.0 25.0 0 100 ~100 





Mean values for one hour of control were compared with values for 
and ninety minutes after administration. 


to 60 mg. 
the one-hour period between thirty 
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Fig. 2. 








The difference was computed by the subtraction of the latter from the former 
and the per cent increase or decrease was plotted on semilog paper (Fig. 2). 
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The results were not consistent enough to estimate a true slope but were inter- 
preted as showing a consistent significant decrease in acidity and volume by 
oral doses over 10 mg. Typical side effects consistently appeared with dosages 
over 30 mg. They were inconsistent and mild in dosages between 20 and 30 mg. 
With less than 20 mg. there were no side effects noted by any of the subjects. 


Comparative Studies.—In these studies, BL700B in doses of 12.5 and 25.0 
mg. given orally was compared with atropine sulfate, 0.6 mg. and 1.0 mg., 
respectively. In addition, for purposes of internal control, a group of subjects 
was given a saline placebo and studied for a period of three and one-half hours. 
The number of subjects comprising each group was as follows: (a) placebo—10; 
(b) BL700B, 25 mg.—10; (ec) BL700B, 12.5 mg—10; (d) atropine sulfate, 
1.0 mg.—5; and (e) atropine sulfate, 0.6 mg.—10. Insofar as possible, the 
same subjects were used in each study group. The total output of free hydro- 
chlorie acid for each fifteen-minute period was calculated and the mean values 
are listed in Table II. These data are graphically compared in Figs. 3 and 4. 
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Fig. 3.—A comparison of atropine sulfate, 1.0 mg. administered orally, with BL700B, 2 
administered orally (25 studies). 
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BL700B, 25.0 mg., and atropine sulfate, 1.0 mg., showed an almost idez:tical 
mean effect (Fig. 3). In both instances a satisfactory inhibition occurred one 
hour following oral administration. BL700B, 12.5 mg., gave a mean response 
superior to atropine 0.6 mg. (Fig. 4). BL700B in this dosage showed a very 
satisfactory inhibitory effect, while atropine, 0.6 mg., showed little or no effect. 
In the analysis of all studies individually, eleven of twenty-five subjects receiv- 
ing BL700B in single doses of 12.5 to 25 mg. orally developed an achlorhydria 
lasting one hour or longer. Only two of fifteen subjects developed a similar 
response with doses of atropine sulfate 0.6 to 1.0 mg. A comparative response 
in a single subject is shown in Fig. 5. 
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In the evaluation of effects on motility, kymographie studies were compared 
qualitatively. No attempt was made to measure surface areas beneath the 
tracings by means of planimeter calculations, to estimate ‘‘tone,’’ or to count 
total numbers of contractions. The intermittent nature of gastric motor 
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Fig. 4.—A comparison of atropine sulfate, 0.6 mg. administered orally, with BL700B, 12.! 


mg. administered orally (30 studies). 














DRUG 
60 ADMINISTERED 
50— 
MEAN ATROPINE 0.6 MG 
FREE 
HCl 49K 
IN 
MG/15 MIN 
30— 
CONTROL 
20 
© BL 7008 12.5 MG 
e 
a 
a 
10+ a 
a 
: 
~ & *~ a 
o- macaw nnn : Ae 








3 
TIME IN HOURS 


Fig. 5.—A comparison of atropine sulfate, 0.6 mg. administered orally, and BL700B, 12.5 mg. 
administered orally, in a single subject, E. D. 


activity was taken into consideration in all estimations, and only complete 
abolition of all Type II propulsive waves and definite attenuation of Type I 
contractions, over a period of one to two hours, were considered significant. In 
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control tracings on ten subjects, only one had spontaneous cessation of Type IT 
activity for a period of forty-five minutes. Of fifteen subjects receiving atropine 
sulfate, 0.6 mg. orally, and ten receiving atropine sulfate, 1.0 mg. orally, none 
showed a significant effect. Of fifteen subjects receiving BL700B, 25 mg. 
orally, eleven showed a satisfactory response. Of four who received 12.5 mg. 
orally, all showed satisfactory responses. Three of these tracings are shown 
in Fig, 6. 


ho 4d ye} 


c= = om . 
Hoe po S | } 
ee . — i hhyps | Wil \ Li, 
Oe a PRG TORR GeO Geers) UN V¥ vw 4 eke 










































+ m foee Rese on i—_ 
So ‘ 
. ry " d. iat de taal yao eo r his — iia i PRCT | 
tm 
—_ * 
ae 
id oe Jj 

SES SRT EERO SseE gecoomn ete Ole Senna Hees oe 

wu a 
i ! : tS yee, , oe Oe, Hal 
Melimoatl satel cco bigs ea satthathoi wes we we A ah et ee wil ot et eet eure Nearest gual 
+ ie Tm mon 26 me. cones, 2 
a 
fe ii scabiiiniaaies 
se 
msn si RR SRE 
i: “4 .. * + * 
' ee : ¢ i F 
initia! Biber id Oa ee iy ; 
He ae MH Ql ome ot WEN wie ig Vapi ull 
‘ * mm a: nen ee. On ee 

“oy 8 lee : | 
cal ws 





cnc ‘il 








9 


Fig. 6.—Three kymographic tracings demonstrating the motility response to 25 mg. BL700B 
administered orally. 


Evaluation of Tolerance and Side Effects—Side effects were estimated 
with respect to acute and prolonged administration. Single doses of 10 to 25 
mg. in thirty-eight subjects resulted in no significant toxic manifestations over 
a three-hour period. Thirty-four hospital in-patients with no gastrointestinal 
complaints given 12.5 mg. BL700B for a period of three to six days were inter- 
rogated twice daily for evidence of headache, dryness of oral and nasal mucous 
membranes, difficulty in reading, and urinary hesitancy. Of these there were 
no symptoms in fifteen, ‘‘slight dry mouth’’ in seventeen, and ‘‘moderate dry 
mouth’’ in two. 

The results of the objective and subjective evaluation of side effects in the 
patients given BL700B 12.5 mg. four times a day for eight days are listed in 
Table III. Symptoms were graded 0 to 4 plus and salivation and acecommoda- 
tion were calculated in terms of per cent decrease and increase based on control 
values. As can be seen, symptoms were minimal in all cases and at no time 
were distressing to the subject. Two subjects showed no significant decrease 











i PHARMACOLOGIC EVALUATION OF BL700B 957 
in salivation, and three showed extension of the visual nearpoint under objec- 
tive observations as described previously. None of these subjects were sub- 
jectively aware of these changes. 

The effect of BL700B in a dosage of 12.5 mg. before and after seven days 
of treatment with the same dosage four times a day is shown in Figs. 7 and 
8. The means of the five subjects tested are graphically represented and show 
essentially the same degree of reduction in acidity and volume of secretion 
before and after seven days of treatment with BL700B. 
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Fig. 7.—Effect of BL700B on HCl concentration before and after seven days of administration. 
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Fig. 8.—Effect of BL700B on secretory volume before and after seven days of administration. 


Fig. 9 illustrates the marked reduction in small bowel motility as demon- 
strated by the barium swallow technique described in the first part of this 
article. After chronic administration of this drug, delay in progress of the 
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TABLE IIT. EVALUATION OF SIDE EFFECTS DURING CHRONIC ADMINISTRATION OF BL700B 








SUBJECT | A. K. } PW. J.L. 


% Decrease in salivary 0 8.5% 34% 

expectoration 
% Increase in near point 70% 0 28% 
Fall in blood pressure Minimal Minimal 0 

(standing ) Transitory Transitory 
Elevation of pulse rate 0) 0 

(standing) 
Dizziness 0 0 
Blurred vision 0 
Dry mouth ~ 
Nausea 0 0 0 
Urinary hesitancy 0 + + 
Palpitation 0 0 0 
Headache 0 0 0 
Constipation + 





barium column was noted as indicated by interval filming. There was, how- 
ever, no significant delay in gastric emptying. The barium column was com- 


pletely evacuated from the stomach at three hours in the controls, as well as 
following administration of 12.5 mg. BL700B. In all the control studies, 
barium had reached the splenic flexure of the colon at five hours, as shown by 
the upper horizontal series of pictures in Fig. 9. After seven days of treatment 
with 12.5 mg. BL700B, four of five subjects failed to demonstrate barium at 
the ileoceeal junction at five hours. (Bottom series of x-rays in Fig. 9.) One 
of the subjects showed no apparent effect. 


Fig. 9.—Roentgenographic demonstration of the rate of progression of barium depicted 
by films 5 hours after oral ingestion of barium in 5 subjects. Upper column demonstrates 
barium in colon at 5 hours in each case. No BL700B had been administered. Lower column 
shows failure of barium to reach colon in 4 of 5 individuals on daily maintenance doses of 


e 


12.5 mg. BL700B four times daily. 
SUMMARY 
1. Dosage response data indicate that 10 to 25 mg. of BL700B orally 
administered will significantly reduce gastric acidity and secretory volume 
without significant side effects in normal male subjects. 
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2. BL700B 12.5 mg. orally administered was superior to 0.6 mg. of atropine 
sulfate orally in its effect on gastrie secretion. 

3. BL700B, 12.5 to 25 mg. orally administered, was superior to atropine 
sulfate, 0.6 to 1.0 orally administered, in its effect on gastric motility. 


4. No tolerance to the secretory or motility inhibiting effects of BL700B 
was demonstrated after administration of 12.5 mg. four times daily for seven 
days. 
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LABORATORY METHODS 


A METHOD FOR DEMONSTRATING SECONDARY AGAMMAGLOBU- 
LINEMIA IN PATIENTS WITH MULTIPLE MYELOMA, USING 
PAPER ELECTROPHORESIS 


Ropert F. Porces, M.D.* 
New York, N. Y. 


A MODIFIED filter paper electrophoresis apparatus was used to measure 
the serum proteins of patients with multiple myeloma. Two of the patients 
had histories of unusually persistent recurrent infections. On electrophoresis, 
in addition to the characteristic abnormal myeloma protein, an apparent ab- 
sence of normal gamma globulin was noted. With the method to be described 
the diagnoses of multiple myeloma and of secondary agammaglobulinemia be- 
came apparent in one simple electrophoretic separation done overnight. 


CLINICAL MATERIAL 


Three patients with multiple myeloma were studied on the wards and in the outpatient 
department at Kings County Hospital. In each patient the diagnosis was definitely estab- 
lished by bone marrow aspiration or biopsy, chemical studies on the blood and electrophoresis 
of the serum proteins. Brief clinical summaries are appended. 


METHOD 


The filter paper apparatus was modeled after the Durrum! ‘‘inverted-V.’’ It was 
found that results were reproducible once the apparatus and method were standardized. All 
electrophoretic separations were performed by the author. Carbon electrodes, 6 inches long, 
were used and placed into the buffer solution horizontally so that the flow of current in the 
system would be parallel throughout. Whatman 3 mm paper was used. A flexible plastic, 
one-gallon food container, used often in home refrigerators, was turned upside down and 
used over the ‘‘inverted-V’’ paper as a hood. This arrangement had minimal air leaks and 
gave only very slight irregularities to the protein bands. A total of 1,000 ml. of barbital 
buffer (pH 8.6, ionic strength 0.1) was used for each separation. 

The power supply consisted of an ordinary condenser input, full wave rectifying cir- 
cuit and a voltage stabilization stage. It was capable of delivering 70 to 330 volts D.C. 

The application of the serum to the apex of the moist filter paper was one of the 
eritical steps in the procedure. In order to get as sharp a border as possible between the 
different protein bands it was felt that the usual micro drop applied by means of a lambda 
pipette would not be satisfactory. A wire applicator was constructed from the description 
of a commercial product.2. Two wires, No. 24 gauge, were soldered parallel to each other 
to a U-shaped piece of copper, the ends of the copper being 2 to 3 cm. apart. The spacing 
between the wires was 0.5 mm. (Fig. 1). The serum was first drawn up into a capillary 
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pipette and the bulb of the pipette squeezed lightly as the tip of the pipette was passed 
along the wires, back and forth, until a film of serum was held between the entire length 
of the wires by surface tension. The wires were then applied gentiy and evenly to the 
apex of the moist filter paper, held in place for several seconds, and then removed from the 
paper. Methods for equilibration of the entire system prior to each run are adequately 
described elsewhere. It is important to allow a time lapse, usually 15 minutes, between 
the application of the serum and the onset of current flow. This interval permits the pro- 
tein to dissolve in the buffer and results in sharper definition of protein borders. The 
serum components were usually allowed to separate overnight (10 to 13 hours). At the end 
of this time, the plastic rack was placed in an oven at approximately 100° F. and the paper 
dried. The serum proteins were stained with bromphenol blue. The stained filter paper 
was dried between two pieces of blotting paper, passed over ammonia fumes and interpreted 
directly, without benefit of any densitometric or eluting steps. 

It was found that in sera from patients ill with multiple myeloma who had a very 
high concentration of abnormal globulin, above 5 to 6 Gm. per 100 ml., the narrow, dense 
globulin zone no longer had the sharp outline desired. In these instances the serum was 
diluted 1:1 with barbital buffer before being applied to the paper. This minor modification 
served very well to keep the abnormal protein band from smearing or eluting off the paper 
during the staining procedure. The desired border definition was also retained. 





Fig. 1.—Micro applicator. 


The migration of the myeloma serum, diluted 1:1 with buffer, was compared with a 
nondiluted normal serum to define the zone of normal gamma globulin. To be more accurate, 
the normal serum should have been diluted in the same manner. This was done recently and 
the normal serum still showed a gamma globulin band which was not present in the patient’s 
serum. 

Another problem encountered in evaluating total absence of a border was the adsorption 
of albumin to the paper throughout its course. That such a phenomenon normally occurred 
was shown by Kunkel, who caused albumin to migrate alone on a paper strip, first in one 
direction for several hours and then back to the point of origin. He was able to stain the 
albumin that had adsorbed to the paper throughout its course. Kunkel’s zine turbidity test 
precipitates gamma globulin, leaving albumin in solution. Resuspension of the precipitate 
as described and electrophoresis of this albumin-free protein would remove the effect of 
trailing albumin and make the areas between the globulin zones clearer. This procedure was 
not attempted in the present study. 

Elution and densitometry were seriously considered in the course of this study. The 
rejection of these refinements was based on a number of facts. As serum migrates across 
the filter paper a certain quantity of protein is adsorbed in its path. The areas between the 
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separate protein bands are, therefore, never absolutely free of protein. Elution or densitometry 
of the areas between protein bands will always give a higher reading than that part of the 
paper over which no protein has migrated. 

In the evaluating of the area in a patient’s serum where gamma globulin is normally 
present, not only traces of gamma globulin but also adsorbed albumin and alpha and beta 
globulins contribute to the measured density. Unfortunately, a dye binding only the gamma 
globulin portion of the serum proteins is not available. 

Complete absence of a protein band cannot be established by paper electrophoresis. 
Ultrasensitive methods such as immunochemistry must be employed. Once this fact was 
realized our concept of the disease ‘‘agammaglobulinemia’’ changed to one of ‘‘hypogamma- 
globulinemia.’’ Yet the original name persists and so does paper electrophoresis continue as 
the most practical tool in detecting this metabolic abnormality. 

Densitometry and elution provide a more graphic representation of the electrophoretic 
pattern. In the measurement of a faint density composed of more than one type of protein, 
however, these additional means serve no practical function and only introduce other errors. 


S. R, (DILUTED 1:1) 
Multiple Myeloma 


Normal. 


Ss. R. 


ay 


Multiple Myeloma 


200 volts/ 3.3 ma. 
13 hours 





Fig. 2.—The serum proteins of Patient S. R. are compared with those of a normal 
individual. The dotted line across the three electrophoretic patterns demarcates the faster 
moving border of the normal gamma globulins. Note the absence of normally migrating gam- 
ma globulin between the dotted line and the ‘“gamma-S’’ myeloma protein in S. R.’s serum. 
On the original paper strip, the normal patient’s gamma globulin was more clearly visible. 
The arrow indicates the site of serum application and the direction of migration. 

RESULTS 

Serum protein electrophoresis done by the above method on Patient S. R. 
showed a dense, narrow band of proteins migrating with a velocity correspond- 
ing to the slowest moving portion of the normal gamma globulin. This position 
of the myeloma protein has been described before as occurring infrequently‘ 
and has been designated ‘‘gamma-S’’® (slow). It was a fortunate circumstance 
that the abnormal protein should happen to migrate in this fashion beeause it 














Volume 47 SECONDARY AGAMMAGLOBULINEMIA 963 
Number 6 


revealed that the normally migrating gamma globulin was absent. This fact 
was determined by comparing the patient’s serum with that of a normal subject 
on the same paper strip under identical conditions. The concentration of al- 
bumin in the serum of the patient was also considerably reduced (Fig. 2). 

Electrophoresis of Mr. B. G.’s serum proteins revealed a dense, narrow 
band of abnormally migrating protein between the beta and gamma zones. 
This has been referred to as the ‘‘M’’ protein by Gutman.’ Normal gamma 
elobulin is absent. The albumin concentration is slightly reduced. In the 
above two patients with recurrent infections there is an apparent absence (or 
trace) of normally migrating gamma globulin (Fig. 3). 


BG, (MULTIPLE MYELOMA 
WITH RECURRENT 
INFECTIONS ) 


S.R. (MULTIPLE MYSLOM 
. WITH RECURRENT 
INFECTIONS) 





180 volts - 4.8 ma, 
12 hours 
Fig. 3.—Electrophoresis of serum proteins of Patients B. G. and 8S. R. Note the two 


types of abnormal myeloma proteins. One is the ‘M” protein and the other the “gamma-S.” 
In both instances an absence of normal migrating gamma globulin is apparent. 


Electrophoresis of the serum proteins of the third patient, Mr. M. L., 
differed markedly from the others. In addition to the characteristic narrow, 
dense band of abnormal protein migrating with the faster portion of the gamma 
globulin (designated gamma-F*) there is approximately three times the usual 
density of normally migrating gamma giobulin. This patient did not have a 
history of recurrent infections, and it was at first thought that the excess in 
the normally migrating protein represented a response to infection (the verminal 
pneumonia) (Fig. 4). Electrophoretic tracings taken several weeks earlier 
showed a normal density of gamma globulin. This interpretation is open to 
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M.L. URINE 


(MULTIPLE MYELOMA) 


ML. SERUM 


(MULTIPLE MYELOMA 
WITH PNEUMONIA) 





NORMAL 





. | 
'f 250 Volts/6,0 ma. 
13 hours 





Fig. 4.—Electrophoresis of the urine of Patient M. S. revealed the presence of Bence 
Jones protein migrating with the velocity of the abnormal myeloma protein in the patient's 
serum. Note that in addition to the dense abnormal protein and diminished albumin, there 
was an increase in the patient’s normal migrating gamma globulin. 





metre - ~ 





As.  @ .f 


emcee tng, 


NORMAL 


C.B. (CIRRHOSIS) 





200 volts = 5,0 ma, 


Fig. 5.—Serum electrophoresis of Patient C. B., with known cirrhosis, compared with the serum 
of a normal individual, reveals the diffuse but marked increase in the gamma globulins. 
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serious question, however, in view of the patient’s hepatomegaly and uneval- 
uated liver function. It is conceivable that a pattern compatible with cir- 
rhosis had resulted, secondary to amyloidosis or myelomatosis of the liver. Note 
that the hypergammaglobulinemia of cirrhosis gives a wide band, unlike the 
narrow band of myeloma protein (Fig. 5). 


DISCUSSION OF METHODS 

The dynamics of the ‘‘inverted-V’’ type of paper electrophoresis have been 
adequately described by Durrum.’ * 7° In the system used in the analyses re- 
ported here, all the expected phenomena have been observed. Valid compari- 
sons among sera can only be made with simultaneous migration of normal serum 
on the same paper strip. In this way individual peculiarities inherent in the 
system are eliminated. One of the advantages of the method is that drying 
causes an increase in the buffer ionic strength at the apex resulting in the 
formation of sharper boundaries between protein zones. Determinations of 
protein velocity are impossible with this type of apparatus and such measure- 
ments were not attempted. 

The most serious drawback of the wire applicators was that the amount 
of serum taken up by the wires could not be readily controlled.* The rela- 
tive concentration of the different proteins in the serum, however, was not at- 
fected. The wires, therefore, were felt to be most appropriate for the applica- 
tion of serum to paper, since the principal aim of the separations was the forma- 
tion of sharp protein boundaries. Only when sharp separation is achieved is it 
possible to evaluate different proteins with very nearly the same migration 
velocities. 

In order to compare results of paper electrophoresis with the classical 
Tiselius method, workers have employed either elution techniques or some form 
of direct densitometry.1’'* There are investigators today who feel that any 
variation in density of a protein band that is so minor that it cannot be de- 
tected by the naked eye falls well within the errors of the system.‘* No densi- 
tometry was used in this work. All interpretations were made by direct visual 
inspection. 

When wire applicators are used, or any other method that applies serum 
evenly over a very narrow area,’> myeloma protein migrates as a dense, narrow 
band. The normal gamma globulins line up in a wider band, usually one and 
one-half to two times as wide. Therefore, even when the abnormal protein lies 
in the middle of the gamma globulin region, some estimate of the presence or 
absence of the normal band can be made. 

There are a few pitfalls in the interpretation of the filter paper strips. <A 
penciled line perpendicular to the flow of the serum must be drawn on the 
paper and care taken that all sera are applied as close to this line as possible. 
An abnormally high concentration of the pathologie globulin may serve to im- 
pede the progress of the other proteins in their course along the paper. When 
this is the ease, the albumin of the myeloma serum will not travel as far as the 
albumin of the normal serum. Under these conditions the same mechanism may 





*A research group at the Jewish Hospital, Brooklyn, N. Y., uses lambda pipettes to 
load their wires, with good results. 
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impede the migration of the normal gamma globulin and invalidate all com- 
parisons. Dilution of the serum with buffer (1:1) usually corrects this source 
of errors. 

DISCUSSION OF RESULTS 

The inability to deal with infection, displayed by two of the patients, was 
thought to parallel closely the syndrome of agammaglobulinemia.'® ** Where 
there is an absence of gamma globulin, the occurrence of repeated infections 
is understandable, since many, if not all, of the protective antibodies have 
been shown to be identical with gamma globulin.’* Our patients with mye- 
jomatosis had very high protein concentrations in the approximate area of the 
gamma globulins, as determined by electrophoresis. At first this finding seemed 
paradoxical. In this study an attempt was made to measure more precisely 
the normal gamma globulin, which, because it is often obscured by myeloma 
protein, has received until recently only secant attention.'” 

Despite the apparent absence of gamma globulin from the sera of two of 
these patients, other factors played probably a part in predisposing them to 
infections as well. One of the patients had a deformity of the chest wall. This 
process may have been secondary to myelomatous bone changes and has been 
implicated in the past in the etiology of pneumonias in this disease. The anemia 
and lack of adequate white blood cell response in both patients may have been 
contributory factors in the diminishing of their resistance to infection. The 
phagocytic ability of the individual leukocytes, however, was not impaired.* 

Lawson”! noted that patients with multiple myeloma had a decreased titer 
of specific, commonly occurring antibodies, compared to a normal control group 
from the same community and age span. In another group of patients? with 
multiple myeloma with recurrent pneumonias, the antibody response to antigenic 
stimulation was practically absent. Zinneman and Hall? brought out the inter- 
esting point that patients suffering from myeloma who did not have recurrent 
pneumonias likewise showed diminished antibody response to antigenic stimula- 
tion. In their article no differentiation between abnormal myeloma protein 
and normal gamma globulin was made on the basis of electrophoresis or on 
chemical fractionation. 

In Snapper’s®® excellent monograph on multiple myeloma, Tiselius electro- 
phoretic serum protein patterns of 44 patients are analyzed. Of this number 
approximately half had gamma patterns (where the gamma globulin com- 
prised between 35 to 90 per cent of the total protein). The other half were 
distributed among alpha-2 and beta patterns and those having only minor 
anomalies of their serum proteins. Among those patients whose abnormal pro- 


*The ability of leukocytes to phagocytize Diplococcus »newmonia, Type 1, was tested 
with blood from a normal person and from two patients with multiple myeloma (S.R. and 
M.L.). One- tenth milliliter of heparinized blood was incubated for thirty minutes in a glass 
tube at 37° C. with 0.1 ml. of a culture of D. pneumonia, Type 1, and 0.1 ml. of type specific 
rabbit antiserum. The control tubes contained 0.1 ml. of blood, 0.1 mil. of D. pneumonia, 
Type 1, and 0.1 ml. of normal serum and were treated in identical fashion. The mixtures 
were smeared on glass slides after incubation and stained with Wright’s stain. The number 
of cocci ingested by 100 leukocytes was counted from each patient in the presence and 
absence of type-specific antiserum. Without specific antiserum hardly any cocci were taken in 
by the leukocytes of the normal subject or of the patients. With specific antiserum the 
average number of cocci phagocytized per leukocyte was 6 to 7, for both patients and normal. 
Thus the leukocytes of these two patients with multiple myeloma showed no diminution of 
phagocytic activity in vitro. 
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tein did not fall in the gamma area, there were several instances of agamma- 
globulinemia with a few others having diminished gamma globulin. Of the 
21 patients with gamma patterns the abnormal myeloma protein was not dis- 
tinguished from the normal gamma globulin and no cases of agammaglobu- 
linemia were recorded. Clinical histories were not specifically correlated with 
most of these electrophoretic patterns and so there is no way of knowing if and 
when recurrent infections occurred. 


CLINICAL ABSTRACTS 

Mrs. S. R. is a 65-year-old white woman who has had eight hospitalizations within a 
span of two years for pneumonia, thyroiditis, otitis media, and sinusitis. On her second 
hospital admission a diagnosis of multiple myeloma was definitely established. The patient 
had two separate episodes of pneumonia (two weeks apart) with the same type of Diplococcus 
pneumonia (Type ‘17) isolated from blood, and nose, and throat cultures on both occasions. 
She is being seen in the outpatient department, where she is receiving weekly bicillin injections 
and blood transfusions approximately every month. 

Mr. B. G. is a 46-year-old, white man who began to have recurrent episodes of pneumonia 
in May, 1954. By the end of that year he had had pneumonia three times. A diagnosis 
of multiple myeloma was established definitely. In February, 1955, he again had pneumonia, 
which responded well to penicillin administered intravenously. He is being followed in the 
clinic and receives weekly injections of bicillin. 

Mr, M. L. was a 70-year-old, white man who entered Kings County Hospital with acute 
urinary retention. A note from a private physician stated that the patient had multiple 
shadows visible on x-rays of the skull, a compression fracture of the first lumbar vertebra, 
and anemia. A diagnosis of multiple myeloma was established. The patient was treated 
with urethane, with no improvement in his condition. He had severe pain in the lower back 
and ribs. He became bedridden, developed a terminal pneumonia, and died eight weeks after 
entering the hospital. There was no history of recurrent infections. Autopsy permission 
was not granted. 


SUMMARY 


1. A method is described for the demonstration of secondary agammaglob- 
ulinemia in the presence of abnormal myeloma protein migrating with approxi- 
mately the same velocity as normal gamma globulin. The method employs an 
‘“inverted-V’’ type of paper electrophoresis apparatus. The distinctive fea- 
tures of the technique are the use of a parallel-wire serum applicator and dilu- 
tion of the serum with buffer. 


2. Three patients with multiple myeloma have been studied, their clinical 
histories briefly summarized, and the electrophoretic patterns of their serum 
proteins evaluated. 


3. The two patients who had recurrent infections were found to have an 
apparent absence of normal gamma globulin. 


4. The results suggest that an absence of normal gamma globulin can occur 
in multiple myeloma even when chemical fractionation,® immunochemistry,”* or 
routine electrophoresis might indicate abnormal amounts of gamma globulin. 

5. Paper electrophoresis can be used to establish the diagnosis of multiple 
myeloma with secondary agammaglobulinemia in one separation, done over- 
night. 
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FURTHER DEVELOPMENT OF A COIL KIDNEY 
DISPOSABLE ARTIFICIAL KIDNEY 


W. J. Kourr, M.D., anv B. Warscuncer, M.D.* 
CLEVELAND, OHIO 


F the various types of artificial kidney recommended for dialysis since 1912, 

when‘ the procedure first was introduced experimentally,’ three types—one 
rotating and two stationary—have been used successfully in an increasing 
number of hospitals here and abroad. The three types are: a rotating artificial 
kidney in which cellulose tubing is wrapped around a rotating drum,’ a stationary 
artificial kidney in which cellulose sheets are sandwiched between grooved plates,’ 
and a stationary artificial kidney in which cellulose tubing is wrapped around 
stainless steel ridges.‘ 

As early as 1923, Necheles> in Germany designed a type of dialyzer in 
which the dialyzing membranes were enclosed between screens to keep the blood 
volume small without reducing the dialyzing area; dialysis took place while 
blood flowed through the space between the membranes and rinsing fluid cir- 
culated outside. Many years later Alwall* in Sweden wrapped cellulose tubing 
around a wire net and compressed it with a second wire net that fitted around 
the first. Von Garrelts’ in Sweden used a stationary coil in which cellulose 
tubing and wire net were wound together. While the blood passed through the 
coil, rinsing fluid circulated crosswise. Thus, the dialyzer was made compact 
without losing its efficiency. Inouye and Engelberg,’ here in the United States, 
in 1953, constructed an artificial kidney with cellulose tubing and disposable, 
cheap, plastic screen in a stationary coil that was fitted into a pressure cooker. 
The dialyzer that we are reporting here is a further development of tne prin- 
ciples and techniques used by the previously mentioned authors. The dialyzing 
unit can be mass produced, and is cheap, disposable, and so small that it can be 
easily stored or transported. To be used as an artificial kidney it requires a 
pump for the blood, and a pump and a tank for the rinsing fluid. 


CONSTRUCTION OF COIL KIDNEY 


Princtple—The principle of the artificial disposable coil kidney is the same 
as that of other artificial kidneys: the patient’s blood is circulated through a 
channel of semipermeable material while dialyzing fluid circulates on the outside. 
The coil kidney is constructed of cellulose tubing protected on both sides by 
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Fiberglas screens; tubing and screens are wound together in one coil. Four 
spacers assure a minimum space for the blood in the tubing; the screens allow 
expansion of the cellulose tubes to a controlled maximum diameter. An extra 
sereen provides additional space for circulation of dialyzing fluid (Fig. 1). 
While the blood circulates through the cellulose tubing, dialyzing fluid circulates 
crosswise through the wire mesh. 
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Fig. 1.—Diagrammatic cross section of the strip for a twin coil kidney. 


METHODS AND MATERIALS 


It was quite difficult to find a method that would yield reproducible dialyzing units. 
The screens are Fiberglas* coated with polyvinyl chloride. The cellulose tubingt has a lay 
flat diameter of 4.5 cm. Our attempts at fastening the various screens, spacers, and cellulose 
tubing together progressed from the use of liquid cement, to staples, to thread. At present, 
large rolls are being sewed almost flawlessly smooth with a special sewing machinet that 
stitches with six needles simultaneously and finishes the entire piece in one operation. The 
large stitched rolls are cut into the desired lengths to make the individual artificial coil kidneys. 
The desired length of strip is coiled around a tin can provided with grooves and holes for 
the inflow tubes of the blood (Fig. 2). Connecting pieces made of silicone-coated glass or 
nylon tubing§ are tied into the ends of the cellulose tubing for the inflow and outflow of blood. 
The areas of connection are protected by special rubber caps (Fig. 3). The caps are made 
by dipping glass forms into latex; the caps subsequently are vulcanized to withstand auto- 
claving, 

The finished coil is put into a larger can|| onto which a lid is hermetically sealed.{ The 
completely assembled unit may be sterilized by autoclaving or with ethylene oxide and there- 
after is ready for use at any time. 


Initially the coil kidney was sealed in an 84-inch can with inlets and outlets for rinsing 
fluid at the top and with four conical spouts also on the top through which the tubes for 


*Lumite Division, Chicopee Mills Inc., 47 Worth St., New York 13, N. Y.: Fiberglas 
screening, 18/24 mesh. 


7Visking Corporation, 6733 West 65 St., Chicago, Ill.: Cellulose tubing, 32/36-in. inflated 
diameter. 


¢Singer Sewing Machine, No. 106 SV 42, Serial AE 903121. The sewing was done by 
Ritmor Sportswear Company, Inc. (Bobbie Brooks), Cleveland, Ohio. 


§Polyethylene may be used if no heat sterilization is required. 
Diameter 814 in., length 74%4 in. American Can Company, Cleveland, Ohio. 
{Burpee Can Sealer Company, Barrington, Ill. 
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Fig. 2.—Diagrammatic cross section of a closed-system twin coil kidney; arrows indicate 
the flow of the rinsing fluid. The inner can in lower right part of the figure shows slots 
to accommodate blood inflow tubes. 
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Fig. 3.—First, rubber tubing is fitted over nylon adaptor; second, cellulose tubing is 
tied over nylon adaptor; third, latex cap is moved over assembly; last, tie is placed around 
rubber cap. 
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blood entered and left the can (Fig. 2). The advantage of this closed system, as in Inouye 
and Engelberg’s§ pressure-cooker kidney, is that negative pressure (suction) can be applied 
to the rinsing fluid if ultrafiltration for the removal of edema is desired. 

However, for the sake of easier mass manufacturing we now place the coil kidney in an 
open can provided with only one garden hose connection at the bottom (Fig. 4). Prior to 
sterilization of the open unit the connecting tubes for the blood are folded and placed inside 
the can and the top is sealed on in a can sealer. A can opener will remove the top when 
the unit is to be used. This open dialyzing unit is placed over a tank of rinsing fluid (Fig. 5). 
The rinsing fluid enters at the bottom of the can, flows through the wire mesh and runs over 
the top rim of the can and down into the tank. It is an advantage if the tank is provided 
with a transparent lid so as to prevent excessive ‘‘steaming.’’ The tank of the traditional 
rotating kidney is larger than necessary, but otherwise it is suitable if the rotating drum is 
removed. 

Polyvinyl chloride tubing and nylon connecting pieces are used to minimize the need for 
heparin. Leaks in the cellulose tubing occur in a small percentage of these artificial kidneys; 
they are detectible during perfusion with saline solution to which 50 ml. of donor blood is 
added prior to connection to the patient. A leaking unit is replaced by a new one.* 
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Fig. 4.—Diagrammatic cross section of open-system twin coil kidney. 


The additional equipment is the same as for most other artificial kidneys: an air-bubble 
catcher,2 a pump to propel the blood, and a pump to recirculate the rinsing fluid. Rubber- 
tube pumps as previously described? may be used. A Leet governed-speed motor may be used 
for driving the pump. The Sigmamotor} pump has the advantage of being commercially 
available as a finished assembly. As an almost noiseless cheap pump for the rinsing fluid we 


*It is also possible to unwind a coil, lay it straight, and pull a new cellulose tubing 
through the stitched channel in the screens. 
jLee Engineering Company, Milwaukee, Wis.: governed-speed motor, 500-7,500 r.p.m., 
30 to 1 gear ratio. 
~ ¢Sigmamotor, Inc., Middleport, N. Y.: T-6S unit, Model 142X Revco Zero-Max Speed 
Changer, 1% HP electric motor, 110 V, 60 cy., 1 phase, mounted on aluminum base ($190.00). 
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use the Hypro* portable pump. The capacity of this pump is larger than needed, but with 
an escape valve this is advantageous.t Three liters of rinsing fluid per minute is pumped 
crosswise through the mesh of the Fiberglas screening, thereby assuring that stagnation of 
rinsing fluid cannot become a limiting factor for the dialysis. As the resistance to the 
rinsing fluid in the dialyzing unit is very low, a gravity feed system may be used instead 
of a pump. 

The rinsing fluid tank contains 100 liters. We have a thermostatically controlled electric 
heater. 
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Fig. 5.—Diagram of an open-system twin coil kidney in operation. Pump for rinsing 
fluid left, pump for the blood upper right. A hood over the tank is not indicated on the 
diagram. 


A conservative estimate for the initial investment required for additional equipment 
would be: 
Pumps $230 
Tanks 200 
Total $430 


Rinsing Fluid.—The composition of the rinsing fluid is almost standardized? (Table I) ; 
lower concentrations of potassium are used when the patient’s serum potassium is too high. 


*Hypro Engineering, Inc., 700 39th Ave. N. E., Minneapolis, Minn.: Portable pump with 
rubber impeller, No. T. F. 3800, delivered with or without a 4-hp capacitor motor with %- 
inch shaft. 

+Smaller pumps for rinsing fluid, such as the Bantam centrifugal pump with 1/50-hp 
pra or Eastern Midget pump might also be used, These smaller pumps will not provide 
suction, 
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Ten per cent carbon dioxide is bubbled through the tank of dialyzing fluid to maintain pH, 
after initial adjustment with lactic acid to 7.4. The oxygen has the small additional advantage 
of oxygenating the blood during dialysis. 


TABLE I. COMPOSITION OF RINSING FLUID FOR ARTIFICIAL COIL KIDNEY 








MILLIEQUIVALENTS PER LITER 

















COMPONENT GM. PER 100 L, Na* | Ke | Oa | Mp 4 Cl | HCO; 
NaCl 570 =— 97 — — me, 97 oo 
NaHCo, 300 = 36 — — a — 36 
KC} 40 — — 5 = -- 5 — 
CaCl, 28 — — — 5 —— 5 — 
MgCl, 15 = me — —- 3 2 —— 
Total 133 5 5 3 110 36 





Invert sugar (Travert) 0.4 per cent. 
Lactic acid to adjust pH to 7.4. 


FUNCTIONING OF COIL KIDNEY 
Presswre-Flow Relationships.—Resistance to blood flow in this coil kidney varies with 


the smoothness of the coil, the length of the tubing, and the thickness of the spacers. 
Pressure-flow relationships for one type of coil are graphed in Fig. 6. 
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Fig. 6.—Left—pressure flow relations with different lengths of cellulose tubing. In- 
creased length of cellulose tubing, other factors being equal, increases the pressure required 
to pump “blood” through coil. Right—pressure-flow relations for different numbers of spacers. 
More spacers, lengths of cellulose tubing being equal, decrease the pressure required. In both 
series of experiments, an outflow resistance was applied which required a pressure of 70 mm. 
Hg to overcome. This is more than is to be expected in any venous return. Instead of 
“blood,”’ urea solution in saline was used. 


A practical length of coil was found to be 10 M. of cellulose tubing (dialyzing surface 
area of 9,000 sq. em.), with use of four Fiberglas spacers having a total thickness of about 
0.12 cm. 

The diameter of the can used for winding the coil had some bearing on the resistance: 
the smaller the diameter the higher was the resistance. Various sizes of commercially available 
cans were tested, such as beer cans (7 cm. diameter), large-sized fruit-juice cans (11 em. 
diameter), and gallon-sized cans (17 cm. diameter). The large-sized fruit-juice can was 
selected. 
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The pressure required to propel the blood through the 10 meters of tubing at a flow 
rate of 100 ml. per minute is about 140 to 160 mm. Hg. This was confirmed during actual 
treatment of a patient. Due to the pressure difference across the membrane, ultrafiltration 
takes place; the magnitude has not yet been determined. In most patients the removal of 
fluid should be advantageous. 


Efficiency in Urea Clearance.—It is customary to express efficiency of artificial kidneys 
in terms of urea clearance for a given flow rate and fresh rinsing fluid. Wolf and associates! 
have pointed out that under these conditions the clearance equals dialysance.* 

The coil kidneys were tested in a series of in vitro experiments using a 0.9 per cent 
sodium chloride solution containing 200 (or 400) mg. per 100 ml. of urea as ‘‘blood.’’ 
Dialyzing fluid was tap water of 37° C. Clearances were calculated both for urea and for 
total osmolarity, which measured the clearance of urea plus sodium chloride. They were 
almost identical and could be used to check each other. Clearance rate as a function of 
blood flow rises with the increase of the flow only to a certain height; further increase in 
blood flow does not cause a proportionately further increase in clearance. Using 400 instead 
of 200 mg. per 100 ml. of urea in the original ‘‘blood’’ gives the same clearance curve. 
However, a longer cellulose tubing gives a curve that levels off at a higher level. Thus, 3.5 M. 
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Fig. 7.—Graph of the clearance rates of coil kidneys of the same type but with different sur- 
face areas (lengths of cellulose tubing). Note the leveling off of the curves. 


cellulose tubing shows a clearance that increases little over 38 ml. per minute (Fig. 7) when 
the blood flow increases; the 7 M. kidney shows a leveling off at 62, and the 10 M. at 108 ml. 
per minute. Increase in blood flow in the 10 M. kidney increases the clearance, but very 
slowly. A single coil of 10 M. cellulose tubing around a fruit-juice can at a flow rate of 
100 ml. of blood per minute has a urea clearance of about 70 to 80 ml. per minute. 

As a blood flow of 200 ml. per minute or more usually is available from the radial 
artery, two parallel cellulose tubes with a flow of 100 ml. each can be used, doubling the 
dialyzing surface to 18,000 sq. em. The urea clearance of this ‘‘twin’’ kidney is approxi- 

*Wolf, Remp, Kiley, and Currie’ use dialysance to express the efficiency of an artificial 


kidney during extracorporeal dialysis of a patient because it is a better measure of its actual 
‘therapeutic efficiency than is clearance. 
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mately 140 ml. per minute, at a flow rate of 200 ml. of blood per minute. The value can 
easily compete with the clearance rates maintained by other types of artificial kidney, 
although the rotating type has a higher clearance (180 ml.) under the same conditions. The 
amount of blood necessary to fill a single loop ‘s about 375 ml., and for the twin, 750 ml. 
Results With Patients—Experimental results with urea solutions were confirmed in 
treatments with patients. In our first six patients we obtained satisfying results relative 
to the amounts of urea removed by dialysis. With use of the twin kidney or two units of 10 M. 
in parallel, having a dialyzing surface area of 18,000 sq. cm., usually 60 to 90 Gm. of ure¢ 
was removed in the course of four to six hours (once 160 Gm. was removed). No serious 
side effects, such as pyrogenic reactions, chills or shock, or severe hemolysis were observed. 


The amount of heparin in no ease exceeded 200 mg.; 130 mg. usually has been sufficient. 
CONCLUSION 
The stationary disposable dialyzing unit here described simplifies the use 
of extracorporeal dialysis in the treatment of patients. The manufacture of 
this dialyzer is so simple that it can be made in mass production; the material 
used is so cheap that the cost of such a unit is well within the price range of 
other medical equipment. An initial investment of about $430 is needed for 
pumps and tank. Naturally there still remains the necessity to train doctors 
to employ the dialyzing procedures and to take care of the special problems of 
the severely uremic patient. 
SUMMARY 


A small, cheap, disposable, dialyzing unit has been described which can be 
mass produced and kept in sterile condition.* Fiberglas screen and two loops 
of cellulose tubing are sewed together and wound into a stationary coil that fits 
into a large tin can. The dialyzing surface area is 18,000 sq. em. With a blood 
flow rate of 200 ml., the urea clearance is about 140 ml. per minute. The 
pressure required to pump the blood through the dialyzer at this rate is approxi- 
mately 160 mm. Hg. While 750 ml. of blood is necessary to fill the twin kidney 
with two loops, a single loop can be used if desired which requires 375 ml. of 
blood. Specifications are given of pumps for blood and rinsing fluid needed for 
the use of the dialyzer. 


We are indebted to Mr. Janis Eglajs for his technical assistance. 
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THE DETERMINATION OF PYRUVATE IN PLASMA 
KEITH 8. HENLEy, M.B.,* HuGu 8. Wieeins, PH.D., AND 
H. Marvin Pouuarp, M.D. 

ANN ARBOR, MICH. 


YRUVATE is generally estimated in whole blood by a method depending on 

the formation of its 2:4 dinitrophenylhydrazone, the solubility of this com- 
pound in organic solvents, and the measurement of its absorption spectrum in 
alkaline solution... This reaction suffers from nonspecificity in that other 
alpha keto-acids participate in the reaction. 

More recently? an enzymatic method depending on the reduction of py- 
ruvie acid to lactic acid in the presence of lactic dehydrogenase (LDH) and 
reduced diphosphopyridine nucleotide (DPNH) has been suggested. In this, 
serum, with or without added LDH is added to a mixture of buffer and DPNH 
in the cuvette of a spectrophotometer. The beginning of the reaction is meas- 
ured as soon as possible afterward and it is allowed to go to completion. It there- 
fore suffers from the defect that one of the end points in the reaction is ill 
defined. 

In a previous publication® we have suggested that an index of the plasma 
pyruvate can be obtained from heat-inactivated controls in the course of the 
determination of glutamic oxalacetic transaminase by the lactic acid dehydro- 
genase method. Subsequent experience has convineed us that the inactivation of 
transaminase at 100° C. cannot always be relied upon to be instantaneous, and 
that, in the presence of substrate and as a result of transamination, pyruvate 
values which are too high may be obtained. 

We have therefore reinvestigated this problem and have evolved an en- 
zymatie method for the determination of pyruvate in plasma using lactic acid de- 
hydrogenase and reduced diphosphopyridine nucleotide. 


MATERIALS 


1. A Beckman DU spectrophotometer with cuvettes holding 3 ml. of fluid and having 
a 1 em. light path. 

2. M/15 Phosphate buffert of pH 7.41, prepared by mixing 80.8 ml. of M/15 anhydrous 
dibasic sodium phosphate solution with 19.2 ml. of M/15 monobasic sodium phosphate solu- 
tion. 

3. Lactie acid dehydrogenase.t This is made up fresh for use by adding approximately 
0.01 ml. of enzyme, from a capillary tube to 0.5 ml. of 0.225 per cent saline. This mixture 
is kept at 0° C. 


From the Gastrointestinal Division, Department of Internal Medicine, University of 
Michigan Medical School, Ann Arbor, Mich. 


Received for publication Nov. 28, 1955. 
*Fellow, American Cancer Society. 
+Worthington Biochemicals, Freehold, N. J. 
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4. DPNH solution of appropriate density. 


5. Capillary tubes which when dipped in aqueous solution will hold 10 mg. of water 
by capillary attraction. (Melting-point tubes are suitable.) 


; METHOD 


Blood is collected in a heparinized tube and the plasma is separated as soon as pos- 
sible by centrifugation. One milliliter of the plasma is heated in a water bath at 100° C. 
for 15 minutes. Six milliliters of the buffer is then added and the mixture homogenized 
in a Potter Elvehjem homogenizer with a Teflon pestle. After centrifugation, the super- 
natant solution is decanted, and a 5.0 ml. aliquot is thoroughly mixed with 1.0 ml. of 
DPNH solution. The fluid is then divided approximately equally between two matched 
cuvettes. To the first of these a minimal amount (0.01 ml.) of lactic acid dehydrogenase 
solution is then added from a capillary tube, the mixture is stirred, and the reaction al- 
lowed to go to completion (2 to 3 minutes). With use of the first cuvette (to which the 
enzyme had been added) as a blank, the optical density of the second cuvette at 340 my is 
read. This density is an index of the amount of DPNH oxidized and therefore equivalent 
to the amount of pyruvate which was in solution. 


CALCULATION 


If C. be the difference in optical density between the contents of the two cuvettes, 
and on a basis of a micromolar extinction coefficient of DPNH of 2.05 per 3 ml. at 
340 my. 

Ss ; 7 6 nok oa 

Micromols of pyruvate per 100 ml. = 100 C. x 1 ee . . — == 137 'C.,.08, 12 the 

i 5 3 x 2.05 





molecular weight of pyruvic acid is 88: mg. pyruvate per 100 ml. = aaa5 * 137 C. 
; 
= I, 
RESULTS 

The mean pyruvate concentration by this method was: 7.8 + 2.8 pumol. 
per 100 ml. (Range: 0.8-18.1 p ml. per 100 ml.) or 0.69 + 0.25 mg. per 100 ml. 
(Range: 0.07-1.6 mg. per 100 ml.) as the result of 50 determinations on plasma 
collected from healthy blood donors examined in the fasting and nonfasting 
state. 

This compares with a range of 0.4-2 mg. per cent given in the literature.® 

The method is reproducible with a standard deviation of 3.6 per cent based 
on five determinations from each of four different samples of normal plasma. 
Recoveries varied from 92.2 to 99.7 per cent with a mean of 97.2 per cent. 
With the reduced and nonreduced coenzyme in equilibrium, the reaction lies 
in the direction of lactic acid in the ratio of 1:16,700° and is therefore complete 
for all practical purposes. On the incubation of normal plasma with LDH and 
DPNH for a period of at least 10 minutes at room temperature, no measurable 
amount of pyruvate was left in the plasma. However, some pyruvate may be 
formed from abnormal plasma, e.g., patients suffering from hepatic failure, in 
the course of the procedure, but we have not found this to exceed 12 per cent 
of the amount of pyruvate originally present.- For accurate determination on 
samples with a high pyruvate concentration, therefore, blanks which have been 
previously ineubated with DPNH and LDH should be run. 

Onee the plasma has been separated from the red cells, no appreciable 
formation or destruction of pyruvate occurs in normal plasma kept at 37° C. 
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for four hours. The red cells at 37° C., however, show an appreciable increase 
of pyruvate concentration within one hour. On the allowing of whole blood 
to stand at 22° C., there is a net drop in pyruvate concentration at 8 hours, 
followed by a marked increase at 24 hours. This confirms the need for an 
early separation of plasma from red eells and suggests that values obtained 
from serum might be misleading. On the other hand pyruvate added to plasma 
kept at -10° C. retains its concentration for at least three weeks. 

A sample of commercial heparin tested was found to contain negligible 
quantities of pyruvate and in the amounts normally employed does not alter 
the measurable pyruvate concentration. 


SUMMARY 


A rapid enzymatic method for the determination of pyruvate in plasma is 
presented. 

The method depends on the conversion of pyruvate to lactate in the pres- 
ence of lactic acid dehydrogenase and diphosphopyridine nucleotide. 

The method is reproducible with a standard error of 3.6 per cent and has 
yielded a normal plasma pyruvate value of 0.69 + 0.25 mg. per 100 ml. 
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